Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



PLANT ANALYSIS: 

QUALITATIVE AND QUANTITATIVE. 



G. _^AeENDOEFF, PaD., 

PBOnSSOR OF FHAKMACT IK TBI UNIYEBSITV OP I>ORPAT, BUSSLA. 



ZxamUWa from t^t Omnsn 

HENKT G. GREENISH, F.LC. 



LONDON : 

bailliEke, tindall, and cox, 

20 KING WILLIAM STREET, STRAND. 

1884. 




Cbai-i Ifoz.ik- 




( 



V 



TRANSLATOR'S PREFACE. 



-•o*- 



Soon after the publication in German of Professor Dragendorff's 
' Pflanzenanalyse,' it was suggested to me that an English transla- 
tion of the work would supply a want keenly felt by both English 
chemists and English pharmacists. 

A thorough knowledge of the German language and a practical 
acquaintance with many of the processes described, gained whilst 
a pupil in the author's laboratory, would, it was thought, enable 
me to offer a translation of trastworthy accuracy ; and this has 
been my endeavour. Such alterations or additions as have been 
considered needful have been made in the text, the proof-sheets 
of which have been submitted to the author. 

Most of the references liave been checked, as accuracy in this 
particular was deemed very important To many of them, how- 
ever, access could not easily be had ; but it is hoped that even in 
these cases very few will be found to be incorrect To secure to 
English readers the usefulness of the numerous quotations, refer- 
ence has been frequently made, in brackets, to abstracts or trans- 
lations that have appeared in English joumala 

One word has been employed in a somewhat unusual sense. 
The solution obtained by treating a substance with spirit is called 
a * tincture,' with cold water an * infusion,' and so on. All such 
solutions have been included in the general term ' extract ;' the 
latter will not, therefore, necessarily mean the dry residue com- 
monly called * extract' 

The name * petroleum spirit ' sufficiently indicates the origin of 
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the liquid. A petroleum spirit boiling above 60** C. should not 
be used. Benzene should boil at 80-8r C. (' Die gerichtlich- 
chemische Ermittelung von Giften/ Dragendorff, 1876.) 

The index will be found more copious than in the original ; it 
has been compiled from the English text 

The high reputation of the author and the favourable reception 

accorded to his ' Pflanzenanalyse ' are a sufficient guarantee for 

the value of the work. 

THE TRANSLATOR 

I/>NIK)N, October l»^ 1883. 
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Whilst engaged in collecting the material for my ' Ermittelung 
von Giften,' I formed the intention of utilizing the knowledge 
then acquired of the alkaloidal and other constituents of plants to 
improve and extend the present methods of plant analysis. In 
accordance with this intention I subsequently discussed in my 
' Chemische Werthbestimmung ' the detection and estimation of 
the active principles of some powerful drugs, and at the same 
time promised further communications on aUied substances. 

In the meantime, I gradually became convinced of the need of 
devising a process of analysis that should include as many as 
possible of the more important constituents of plants. Such a 
process was, I thought, a desideratum, as I had frequently ob- 
served that the methods of examination published in some of 
my researches were adopted by other chemists in cases in which I 
myself should have deviated from theuL 

This consideration was mainly instrumental in inducing me to 
carry my plan into execution more rapidly than was originally 
contemplated. No one can be more thoroughly awi^ than I am 
myself of the insufficiency of the material at present available for 
the construction of a systematic process of analysis, nor can any- 
one be more conscious of the necessity for sifting and improving 
the contents of the following chapters. I may, however, be per- 
mitted to remark that in proposing to my pupils subjects for 
scientific investigation, I have never lost sight of the plan I had 
formed, and I have been able to benefit by the results of upwanls 
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of one hundred dissertations or communications published bj 
myself or by my schokrs. 

Comparatiyely few chemists will have learnt, as I have done, 
that nothing can tend so much to the end aimed at as increased 
activity in this much-neglected branch of chemistry ; and it was 
the hope of stimulating young chemists to steady, persevering 
work in testing the methods now placed before them, and devis- 
ing better ones, that finally decided me. I doubt the possibility 
of making, without assistance, such progress as I think necessary; 
and I trust, therefore, that the publication of this little work will 
be followed by an increase in the number of my fellow-workers. 

As will be explained in the introduction, I have endeavoured 
to construct a method that shall comprise at once both the qualita- 
tive and the quantitative, micro- as well as macro-chemical 
analysis of plants and their constituenta All widely distributed 
vegetable substances are to be included, the detection of rarer 
ones facilitated, and the method so arranged that other principles 
not hitherto observed shall, if present, attract the attention of the 
investigator. 

An exhaustive treatise on all the known constituents of plants 
would naturally have obscured the method of examination. This 
result I have endeavoured to avoid by compressing the method 
of examination proper (Part I.) into the smallest possible limits ; 
and by following it up with further observations (Part IL) on the 
characters, etc., of the substances there mentioned. Numerous 
notes and a systematic, as well as alphabetical, index will guard 
the reader from conf usioa 

I have been compelled to restrict myself to the treatment of 
the more important constituents of plants, that is, those that are 
of importance to the plant itself, or that play an important part 
in its economical application. The extracts in which rarer or 
less important substances are to be looked for have been pointed 
out, but it has been left for the reader himself to gain further 
information about them from other sources. Numerous refer- 
ences will aid him in his search, and also direct his attention to a 
number of analyses that may be of service to him in modifying or 
extending the process here recommended. 
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I have assumed in my readers an acquaintance with the leading 
principles of general and analytical chemistry, and have, there- 
fore, passed over parts of the latter, such as ultimate and ash- 
analysis, since these have been fully treated of elsewhere. Sub- 
jects that have been discussed at length in my 'Ermittelung 
von Gif ten,' and * Chemische Werthbestimmung starkwirkender 
Droguen,' have been refeired to as briefly as possible. An ulti- 
mate analysis is, of course, frequently necessary in order to 
demonstrate the identity of a substance isolated during the 
investigation with some other known body. I have, therefore, col- 
lected analyses of the constituents of plants, and have arranged 
them both alphabetically and according to the percentage of 

carbon they contain. 

THE AUTHOR. 
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PLANT ANALYSIS: 

QUALITATIVE AND QUANTITATIVE. 



mTRODUCTIOK 

§ 1. An accurate qualitative aod quantitative analysis of a plant 
or vegetable substance is not unfrequently referred to as one 
of the most difficult tasks that a chemist may be called upon 
to undertake. Attention is very properly directed to the gieat 
number of species of plants that occur in nature, to the great 
abundance and variety of their chemical constituents, and to the 
circumstance that almost every skilful analysis of a plant that 
has not previously been examined yields new, hitherto unknown 
products. Prominence is also justly given to the fact that the 
analysis of vegetable substances dififers from that of minerals, 
inasmuch as the elements present in the latter have in many 
instances only to be separated and weighed or measured, either 
as such or in the form of certain of their simpler, more easily 
recognisable compounds, whilst in the analysis of plants it far 
more frequently occurs that the proximate principles themselves 
must be first separated before they can be examined or weighed. 
These reasons are all admissible ; we are, moreover, justified in 
pointing out, amongst other numerous difficulties encountered in 
ihe analysis of plants, the great ptoneness to decomposition of 
many of the constituents of vegetable substances and the errors 
that may arise therefrom, not only in the estimation of these 
bodies themselves, but also of such substances as may accompany 
thenL But surely these considerations should not tend to pre- 
vent investigations from being carried out which are equally 
important for scientific botany and chemistry, for medicine, phar- 
macy, dietetics, agricultufe, etc. By systematicaUy arranging 
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the methods of examination hitherto devised^ either for the 
estimation of a single constituent or for the separation of 
several substances contained in a plant, I hoped to succeed 
in inducing others to conduct investigations in a department 
of chemistry at present so much neglected j and it was in that 
hope that I decided upon the compilation of this work. In it 
I trust to be able to show that for the separate estimation of 
many substances we have methods at our disposal which, in 
point of accuracy, are nearly abreast of the processes employed 
for the determination of mineral constituents, and that we can 
often obtain results really serviceable in the investigation of 
the more important component substances contained in a plant. 
I especially hope to succeed in showing that analyses of plants 
possess in one respect an advantage over the analyses of 
minerals, inasmuch as it often happens, in examining mixtures 
or conglomerates of several chemical individuals, that in the 
latter case a much less satisfactory insight into the constitu- 
tion can be obtained than in the former. The elements, for 
instance, of which a granite isjsomposed can easily be deter- 
mined by inorganic analysis, but it is exceedingly difficult to 
ascertain with exactitude in what quantity each separate 
mineral occurring in the granite is present. But in the 
analysis of vegetable substances the endeavour is made from 
the outset to separate the different chemical individuals from 
one another, and by the use of various solvents this is fre- 
quently possible. In this respect, therefore, the analysis of a 
plant can often be made more complete than that of a mineral. 

§ 2. The object that I have sought to attain in this work 
was the compilation of a method of analysis applicable to the 
qualitative and quantitative examination of vegetable substances 
of both known and unknown composition, and of an introduc- 
tion to the qualitative and quantitative determination of the 
various more important constituents of plants with which we are 
at present acquainted. 

I need scarcely observe that I have given the fullest possible 
consideration to the question as to which tissues of the plant 
contain the various constituents, and have therefore, for that 
purpose, made use of microchemical analysis. 

With reference to the arrangement of the matter in the work, 
I would remark that in the method of analysis contained in 
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Part I, I have not separated the qualitative and the quantita- 
tive determinations of the more important substances from 
each other. I have made the method of separation serve as a 
leading principle, and have therefore grouped together the 
constituents of plants in such a manner that all those may be 
considered together that are isolated by the same means. I 
have then placed in sub-divisions of the principal groups such 
substances as may be isolated by special methods, and these 
latter are also discussed. 

The more important peculiarities of the various bodies belong- 
ing to the different groups, as well as special methods for the 
estimation of some of them, have been placed in Part 11., which 
has been so arranged as to follow closely on Part I. in the form 
of a supplement In this way I hope to be more easily able 
to avoid repetition, and especially to facilitate investigations in 
which the substances that may be found are unknown. Thus a 
method of analysis, taking account of the more important con- 
stituents of plants, may be traced through the work. 

§ 3. It has always been accepted, as an important principle, 
by those who have been engaged in plant analysis, that the 
constituents present should be separated as far as possible by 
means of different solvents. I have also followed this plan, 
which has in many instances proved itself adapted to the attain- 
ment of the object in view, and I concur with those chemists 
who recommend the use, as far as practicable, of the most in- 
different solvents. If, in the analyses of vegetable substances 
I have already made, I have deviated from the course followed 
by my predecessors,^ I have done so, first, in increasing the 
number of solvents ; and secondly, in varying the order in 
which those solvents were allowed to act upon the substances 
under examination. I shall subsequently show that this may 
have a great influence on the result of the analysis. 

^ I draw particular attention here to Rochleder'a 'Anleitung zur Analyse 
Ton Pflanzen nnd Pflanzentheilen' (Wttrzborg, 1858), which I regard as open- 
ing up new ground in this subject. See also Wittstein, 'Anleitung zur 
chemiachen Analyse von Pflanzentheilen' (Nordlingen, 1868), and an English 
translation of the same by Baron von Mueller, ' The Organic Constituents of 
Plants and Vegetable Substances and their Chemical Analysis ' (Melbourne, 
1878); Arata, 'Guja Paralel An^ysis immediato de los Vejetales' (Buenos 
Aires, 1869) ; and a paper by Parsons in the American Chemical Journal, 
irol. i. No. 6. 

1—2 
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It will be seen from the foregoing that the principal groups 
into which I have divided the matter to be treated are formed 
by the behaviour of the plant constituents to solvents. 

In a chapter preceding the method of examination proper, I 
have given a few general rules for plant analysis. 



METHOD OF ANALYSIS FOR THE MORE IMPORTANT 

CONSTITUENTS OF PLANTS. 



Preliminary Operations. Estimation of Moisture 

AND Ash. 

§ 4. Ihying. — In the majority of cases the parts of plants at 
our disposal for analysis have already been dried, and w^ can only 
take account of the small amoimt of moisture that has been 
absorbed from the air in consequence of the hygroscopic nature 
of the vegetable tissue in contact with it. I can only recommend 
that the estimation of moisture, for which a temperature not 
exceeding 110^ will as a rule suffice, be made with a small 
quantity of the substance. I should not advise the drying of the 
material intended for use in the investigations to be discussed in 
the following chapters, because, even at a temperature of 100" to 
110", a number of constituents prone to decomposition undergo 
chemical change. It will be sufficient if the moisture be estin^ted 
in about 2 to 5 grams, that is, if that quantity be kept at the tem- 
perature indicated till it ceases to lose weight By means of this 
determination the results of all other estimations can be calculated 
to the dry substance.^ 

^ An apparatus for diying material for agfricoltural (chemical) analysis has 
been described by Hago Schulz (Landw. Versnchsstat, voL iz. p. 213) ; one 
for the rapid estimation of water in organic substances by Gawalovski in the 
2ieit6chrift f. anal. Ghemie, xiii. 267 (1874). For the determination of 
moisture in fruits rich in sugar, such as apples, etc., Tschaplowitz (ibid. Jg. 19, 
p. 243, 1880), recommends the slices to be first extracted with absolute 
alcohol containing 10 to 20 per cent, of ether, and then dried at 100* to 110% 
the ether-alcohol solution to be evaporated, the residue heated to 85° to 90** and 
then added to the dry substance. See also Beiitchauer in the Jahresb. f. 
Pharm. Jg. 1867, p. 8 (Amer. Joum. Fharm. xzxyiii. 74) ; Schoonbroodt, 
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That portion which has served for the determination of the 
moisture can subsequently be used for the estimation of the 
total asL 

§ 5. TrecUmeni of Fresh Plants, — If fresh plants or parts of the 
same are to be examined it will be advisable in many cases, at 
least if a quantitative examination is to be made, to first dry the 
material, or it will at any rate be necessary for those portions 
which are subsequently to be treated with petroleum spirit, ether, 
alcohol, and similar menstrua. Here, too, it will be desirable to 
make an accurate estimation of the moisture, and in doing so it 
is advisable to allow the temperature to rise very gradually to 
100° or 1 lO"". The greater part of the material can as a rule be dried 
at a temperature under 30"" till in a condition suitable for powder- 
ing, and the amount of moisture still retained in it can be deter- 
mined in a small portion by a separate estimation. In drying 
fleshy fruits or roots care should be taken not to reduce them to 
too fine a state of division. Leaves which are not too fleshy do 
not require any preparation at all It is very desirable that as 
little of the cell-tissue as possible should be deprived of its natural 
covering, as by doing so the action of the air on the decomposable 
constituents is only facilitated. With substances which are very 
rich in sugar it is better not to dry the portions destined for the 
estimation of the saccharine matter at all, but to examine them in 
the fresh state. The same holds good for such substances as are 
very rich in ethereal oil, or contain volatile acrid compounds ; 
I shall subsequently show that such compounds may be easily 
isolated from, and determined in, the fresh plants. Of course 
the amount of such volatile substances as may be found by other 
means must be deducted from the result of the determination of 
moisture. 

§ 6. Povodering, — It is of the greatest importance that the 
material for the various estimations should be uniformly mixed 
and reduced to the very finest powder possible. It may be 
asserted that the greatest errors made in the analysis of plants 
are due to the material not having been reduced to a sufficiently 
fine state of subdivisioa Estimations of oil made with ether or 
petroleum spirit often show diflerences of several units per cent, 

ibid. Jg. 1869, p. 9. (Phann. Joum. Trana. [2], xi. 84). In the latter work 
illustrations are given of the difference in compoaition that may be met with 
in fresh and dried, and in qoickly and slowly dried, vegetable substances. 
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because these solvents do not penetrate into the cells, but only 
dissolve that which is adhering to the external surfaces of the 
object It must be admitted that it is often very difficult to 
reduce a vegetable substance to an impalpable powder, but the 
necessity of sparing no trouble in this respect must be most 
strongly urged. It may sometimes be expedient to dry very 
hard substances, such as seeds, eta, at 100*" to 110° before powder- 
ing them. Coffee-seeds may thus be reduced to quite a fine 
powder, especially if triturated in an agate mortar with a known 
quantity of powdered glass or sharp sand (that has been pre- 
viously treated with hydrochloric acid). Somewhat hard sub-' 
stances may occasionally be grated upon a fine grater with 
advantage, and then powdered as above. Tough material, too, 
and such as is to be examined in the fresh state, may be generally 
prepared in this way. In working with substances containing 
much fixed oil it is sometimes expedient to dry the residue 
after the first extraction with petroleum spirit^ etc., powder it 
again and repeat the extraction. 

§ 7. Estimation of Ash. — With regard to the total ash, which is 
usually estimated in plant analysis, reference may be made in the 
majority of cases to the generally known methods of procedure. 
For vegetable substances that are very difficult to incinerate, it is 
advisable, after carbonization, to cool, powder as finely as possible, 
and continue the heating, placing a cylindrical tube vertically 
above the platinum dish, so as to create a current of air. Or the 
incineration may be conducted in a HempeFs jacket with access 
of air. If easily fusible salts are present and prevent complete 
incineration, the admixture of about an equal weight of nitrate of 
ammonium with the cooled mass, and repeated ignition, may render 
good service. Or the carbonized mass may be mixed with a weighed 
quantity of oxide of iron, and the incineration continued.^ 

After weighing the ash the quantity of carbonic acid present in 
it is to be determined and deducted from the total weight. The 
carbonic acid is simply a part of the organic matter, the rest 
of which has been burnt off, and is to be determined in other 
ways. It is also desirable to test the ash for sand, and finally, 
if a complete analysis is not required, to estimate at least 
the total quantity of phosphoric and sulphuric acid and potash. 
(See also § 82). 

^ Compare ftbo Bomtrager, Zeitachr. f. anal. Chemie, B. xvii. p. 440 (1878). 
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11. 

Examination of the Substances Soluble in Petroleum 

Spirit. 

ethereal and fatty oils, wax, etc. 

§ 8. Petroleum Spirit — I have proposed the use of petroleum 
spirit in the analysis of plants on account of its being a relatively 
good solvent for most ethereal and fatty oils, but not for the 
majority of resins and allied substances which would have 
been simultaneously brought into solution had ether been used. 
We have therefore in this liquid a means of more accurately 
estimating ethereal and fatty oils than was formerly possible 
with ether. Another advantage which petroleum spirit possesses 
over ether is that it does not, like ether, cause a coagula- 
tion of soluble albuminous compounds in substances rich in 
such bodies. As it is desirable to deprive the material of fat 
before extracting the soluble albuminous substances for their 
quantitative determination, the whole or part of the residue 
after treatment with petroleum spirit may be very well employed 
for this purpose. A chief condition for the successful application 
of petroleum spirit is that it be very volatile. It must therefor^ 
be purified by repeated fractional distillation, and care taken that 
it contains no compound boiling above 45"*. It is, moreover, 
desirable to distil it over fat (lard) to free it from some of the 
impurities of more powerful odour. 

§ 9. Extraction with Petroleum Spirit — It has already been men- 
tioned in § 6 that vegetable substances to be extracted with 
petroleum spirit must be reduced to the finest powder possible. 
It is advisable in such extractions to employ a known quantity 
of petroleum spirit — say five to ten times that of the substance 
to be treated ; or, better still, for every gram of the latter 10 cc. 
of the former. A small narrow cylinder with glass stopper may 
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be used for this purpose. It should be weighed immediately after 
the introduction of substance and menstruum ; or, if graduated, 
the volume only occupied by both need be noted. They may be 
macerated for about eight days, shaking several times daily, and 
then made up to the original volume or weight by the addition of 
petroleum spirit, to replace any that may have been lost by 
evaporation. This having been done, it is sometimes only neces- 
sary to evaporate an aliquot part of the solution, and calculate 
from the residue the weight of the substances which have been 
brought into solution.^ 

The supernatant liquid frequently becomes so perfectly clear on 
standing, that all trouble of filtration may be avoided by removing 
with a pipette a definite volume, which may then be evaporated 
and weighed.2 

This method of procedure is especially to be recommended if the 
object imder examination contains ethereal oil, in which case all 
washing of the residue, or any dilution whatever of the petroleum- 
spirit solution, should be carefully avoided. The more concen- 
trated the petroleum-spirit extract is, the more accurate will be 
the gravimetric estimation of the ethereal oil. If, however, the 
petroleum-spirit solution is to be filtered off and the residue on 
the filter washed, care should be taken that a funnel with ground 
edges be employed and kept well covered.- 

For the evaporation of the petroleum-spirit solution no porce- 
lain basin or round-bottomed platinum or glass dish should be 
used, on account of the loss easily caused by the capillarity of its 
sidea It is expedient, as a rule, to use a flat-bottomed glass dish 
with vertical sides and well-ground edges, a ground-glass plate 
acting as a cover. If the presence of a rapidly resinifying oil is 
suspected, the petroleum-spirit solution may be evaporated in a 
tared flask by passing a current of carbonic acid gas through it 
whilst kept surrounded with warm water. (See also § 138.) 

^ In this case, a slight error is introduced into the calculation, by the in- 
creased volume of the petroleum spirit due to dissolved oil. But this will, as 
a rale, be so smaU that it may be entirely neglected ; or, if desirable, a correc- 
tion may be made after weighing the residual oil, since we know that the 
specific gravity of the fatty oils hitherto examined ranges from 0'91 to 0*925. 

* Even when the petroleum-spirit solution does not become quite clear on 
standing, as is often the case when seeds are under examination, it is better 
to measure off a quantity with a pipette, filter it, and wash the filter and the 
moutl) of the funnel (on the outside) with petroleum spirit, than to filter off 
the whole of the liquid and measure off a quantity for evaporation. 
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Shallow evaporating dishes, which can be enclosed between 
clamped glasses and weighed, may also be used if ethereal oil is 
present ; but they must be placed in other lai^ger dishes during 
the evaporation of the petroleum spirit It is, however, preferable 
even in these cases to use the glass dishes with vertical sides pre- 
viously described. 

§ 10. TrecUmerU of Fresh Plants. — Fresh, very aromatic parts of 
plants may be examined as stated in § 5, without being previously 
dried. ^ They should be as finely divided as possible by pressure 
and trituration, then packed in a small percolator, and the moisture 
present displaced by the smallest possible quantity of petroleum 
spirit or ether ; the latter is, perhaps, in this case to be preferred. 
The menstruum itself must subsequently be displaced by water. 
The liquids may be received in a graduated burette fitted with a 
glass stop-cock and long fine point ; in this the ether or petroleum 
spirit may be allowed to separate, and an aHquot part measured 
ofif for evaporation. (See also § 22 and following.) 

EXAMINATION OF THE FIXED OIL. 

§ 11. Detection and EsiimaHon, — ^We will first consider the 
simpler case in which the petroleum spirit (or ether) dissolves fixed 
but not ethereal oil The absence of the latter may be recog- 
nised by the light colour of the petroleum-spirit solution and its 
residue after evaporation, and by the absence of any aromatic 
odour which would otherwise be given off during the evaporation 
of the last traces of solvent^ the operation being conducted at the 
ordinary temperature. That we really have a fixed oil to deal 
with may be shown by the uniform character of the spot left on 
evaporating a drop of the petroleum-spirit solution on a sheet of 
blue notepaper. 

On examining vegetable substances under the microscope^ fixed 
oil is seen in the form of small globules of high refracting power, 
which dissolve in petroleum spirit^ ether, and bisulphide of carbon, 
and are saponified by a dilute solution of soda. If the objects 
examined are fresh it is advisable to treat the section with a 
relatively large quantity of water. Concentrated solutions of 
sugar and similar substances have the power of dissolving oil, 
which is, however, again separated on the addition of a large 

^ For information concerning the so-called dietheralysis, see Legrip, Union 
Phann. V. vi. p. 65 (1876). 
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quantity of water. I do not think it improbable that in the juice 
of fresh plants oil is held in solution by carbohydrates and 
does not show itself until separated by dilution with water. And 
in examining the expressed juice of fresh plants, or concentrated 
infusions of the same, it is well to bear this peculiarity of oils in 
mind. 

To determine the total amount of fixed oil, the residue from 
the evaporation of part or all of the petroleum-spirit solution is 
dried at 100° till the weight remains constant^ which may then 
be noted. For further information respecting the estimation of 
fixed oils, and especially the apparatus to be used, see § 120. 
Compare also § 36. 

The fatty residue so obtained may be kept for some time, 
to observe whether partial or complete solidification does not 
gradually take placa The solubility in absolute alcohol, spirit 
of 95 and 90 per cent, may also be tested, to ascertain whether 
free fatty acids, cholesterin, resinous bodies, caoutchouc, or such 
compounds, can be isolated. (Cf. §§ 125, 126, 127, 130.) It may 
also be observed whether the oil is eaisy or difficult to saponify, 
whether the soap is soft or hard, colourless or coloured, whether 
glycerine is separated during saponification, and the fat con- 
sequently contain glycerides (cf. § 13), and whether the oil 
resinifies readily on exposure to the air (§ 121). Finally, the 
melting and solidifying points may be taken. Concerning this 
determination see § 17. 

§ 12. Composition, — If a further insight into the composition of 
the fixed oil is required, larger quantities must be prepared either 
by extraction, or by expression followed by extraction, accord- 
ing to the nature of the material and the quantity of oil it 
contains. 

A few gualitative experiments may first be made with a portion 
of this oil. If it remains fluid at ordinary temperatures the 
action of nitrous acid may be tried. The solidification of the oil 
would prove the presence of oleic (§§ 19, 130) or an allied 
acid capable of conversion into elaidin (§ 122). In this case, on 
mixing the oil with about one-fifth of its volume of concentrated 
sulphuric acid, but little heat will be evolved, whilst compounds 
of the drying linoleic acid (§ 130) and its allies generally cause 
a considerable rise in temperature (§ 123). For comparison 
parallel experiments may be made with linseed and almond or 
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olive oiL Any colouration produced by the first drops of sul- 
phuric acid should be noted, and the experiment repeated with a 
small quantity of the oil, adding a little syrupy phosphoric acid. 
The behaviour of the oil to syrupy chloride of antimony, nitric 
acid (from J to 1 volume) of specific gravity 1*3, alone or com- 
bined with a little powdered sugar, may be tested. The action 
of concentrated solution of bisulphide of calcium, borax, and 
chloride of lime may also yield reactions characteristic of certain 
oils. (See § 124.) It may finally be ascertained whether the oil 
combines quickly with oxide of lead, and whether the plaster so 
produced is soft or hard, soluble or insoluble in ether. 

If the fatty oil is solid at ordinary temperatures, a portion 
may be melted, and the above tests with acids, etc., applied. The 
solubility in ether should be tried, and note taken whether a 
solution in two parts of warm ether deposit solid matter on 
cooling. 

If the fixed oil from a vegetable substance partially solidifies 
after standing several days, the liquid part may be separated from 
the solid by filtration and expression, and each treated separately. 

§ 13. Composition; Estimation of Glycerine. — It is well known 
that natural fats are almost invariably mixtures of different 
glycerides or ethereal salts. If the various constituents of which 
a fixed oil is composed are to be ascertained, larger quantities 
(250 to 500 or 1000 grams) must be saponified with a solution of 
caustic soda of specific gravity 1*25 to 1*3; and after complete 
saponification, as shown by the soap dissolving in water warmed 
on the steam bath without the separation of undecomposed oil, 
the soap so formed may be thrown out by the addition of a con- 
centrated solution of salt. The separation may be performed with 
advantage in tall beakers, which should be placed on the water- 
bath until the soap has assumed such a condition that on cooling 
it can be removed as a solid cake. (See also § 15.) 

A measured portion of the aqueous liquid, after the removal of 
the soap, may be concentrated on the water-bath, or preferably 
at a temperature of 70' to 80", and the residue treated with 
absolute alcohol, or better with a mixture of about three volumes 
of absolute alcohol to one to two of ether, which dissolves the 
glycerine liberated by the decomposition of the oil. On evaporat- 
ing this solution the glycerine remains behind as a sweet syrupy 
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liquid It is optically inactive, and yields acrolein when heated with 
acid sulphate of potassium. If the soap, after removal from the 
liquid, is washed several times with solution of salt and the wash- 
ings added to the liquid in the beaker, then the glycerine obtained 
as described may be weighed. The estimation is not &ee from 
error, but it permits of an approximately correct idea being formed 
of the quantity of glycerine contained in the fat (See § 128.) 

§ 14. Ceiylr, OerotyUy Melyl- Alcohol, — In solid fats, especially in 
the so-called vegetable wax, cetyl, cerotyl, or melyl may be present 
as bases instead of glyceryl, in which case the fat is much more 
difficult to saponify than it otherwise would have been and there 
is formed, in addition to the soap, a kind of alcoholate of the fat- 
alcohoL If to such a mixtiire of soap and alcoholate solution of 
chloride of barium is added, a barium soap insoluble in alcohol 
and ether is generally precipitated, whilst cetyl-, cerotyl-, or melyl- 
alcohol is liberated and may be extracted with ether. Or the 
precipitation may be accomplished with acetate of lead (in the 
absence of oleic acid), and the wax-alcohol extracted by ether from 
the dried mass. (Of. §§ 126, 129.) The melting-point (see 
§ 17) and the ultimate analysis will show which of these alcohols 
has been isolated (§ 129). 

Vegetable wax frequently dissolves in boiling absolute alcohol, 
but separates out again on the addition of a little water, as a rule 
before the resins (§ 145). 

§ 15. Volatile Fat- Acids. — In prosecuting the examination of the 
fat-acids the soap obtained in § 13 is warmed and again decomposed 
with excess of hydrochloric acid, the mixture of fat-acids separated 
from the aqueous liquid, and washed repeatedly with water. If 
the odour of the mixture points to the presence of a volaiile acid, 
this latter must be separated from the less volatile by distillation. 
The distillate should be saturated with soda, evaporated, the 
residue again decomposed with hydrochloric acid, and the fatty 
acids separated from the aqueous liquid. The possible presence of 
valerianic, caproic, caprylic, pelargonic, capric, and lauric (§ 130), 
also angelic and methyl-crotonic acid must be borne in mind. 
They may be identified by their boiling-points, saturating power 
for bases, and composition. Of course the acid must be tested to 
ascertain if it is a mixture or not of several volatile acids separable 
by fractional distillation. (Of. § 25.) 
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§ 16. Less-wlaiUe Fat- Acids. — ^If no volatile acids are present, 
or after their separation by distillation, as directed in § 15, the 
less volatile fat-acids may be dissolved in alcohol and subjected 
in alcoholic solution to a fractional precipitation with acetate of 
magnesium. This salt precipitates members of the fat-acid series 
more easily than it does oleic acid and its homologues, and of the 
fat-acids proper of the G.H2BO2 series, those standing highest 
in the series (i.e» containing the largest number of carbon-atoms) 
are precipitated first. The magnesium precipitates appear at 
first as soon as the acetate has been added, and in that case, 
after having been well shaken for some time, they may soon be 
filtered off. But subsequently it becomes necessary to add strong 
solution of ammonia, as well as the magnesium salt, to produce 
precipitation, and to allow the mixture to stand twelve to twenty- 
four hours in a cold place before filtering. The fractional preci- 
pitation is so contrived that each precipitate shall weigh about 
1 to 5 grams, and this is continued till the tolerably strongly am- 
moniacal liquid yields no further precipitation on the addition of 
alcoholic solution of acetate of magnesium. Each precipitate 
must be well washed with alcohol and decomposed with hydro- 
chloric acid. The fat-acid must be washed with water, dried, and 
crystallized once from boiling alcohol. After carefully drying the 
crystals the melting-point of each fraction must be taken. The 
acids are then recrystallized repeatedly from alcohol, and the 
melting-point again determined. (Cf. §§130 to 131.) 

§ 17. Determination of MeHing-Poirvt, — The following is the 
method I adopt when I have only a small quantity of tfie 
substance at my disposal I place a minute portion on the 
surface of mercury contained in a small beaker. This is then 
introduced into a small cylindrical copper air-oven in such a way 
that it does not rest on the bottom, but remains three or four 
centimeters from it. To allow of careful observation of the 
substance during the experiment, I use as a cover for the air- 
oven an ordinary bottle the bottom of which has been cut off. 
A cork, perforated for a thermometer, is then fitted into the 
neck. The thermometer is now introduced through the perfora- 
tion into the mercury contained in the beaker placed just beneath, 
imtil the bulb is completely covered. In doing so it is desirable 
that some of the minute fragments of fat-acid, or other substance, 
be as near the bulb as possible. The whole is now heated over 
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a small flame, so that the temperature rises about 1° every two 
minutes.^ 

§ 18. Melting-Foints of Fat- Adds, — The melting-points of the 
seyenJ fractions before and after purification are noted. If in 
the same fraction the same melting-point is observed on both 
occasions, or if the estimations show a difference of only 0*5°, the 
conclusion may be drawn with tolerable safety that,the precipitate 
under examination contains only one fat-acid. The observed 
melting-point is then compared with those of the more important 
fat-acids, and the result arrived at confirmed, if possible, by 
ultimate analysis. 

Experiments that have hitherto been made assign to capric acid 
a melting-point of 30-0°; lauric, 43-6'*; myristic, 53*8'*; palmitic, 
62-0'; stearic, 69-2'; arachic, 76-7'. 

Mixtures of two of these acids in certain proportions possess, as 
the investigations of Heintz^ have shown, a lower melting-point 
than either of the constituents. Heintz has also noticed that the 
mixture, on sotidifying, crystallizes in a characteristic form, or 
remains amorphous, accordmg to the proportion in which the two 
constituents are present 



Mixtoreof 






• 


Stearic Add. Palmitic Acid. 


Melteat 


SoUdifies at 


Manner of Solidification. 


100 


69-2' 


— 


CrystalliDe scales. 


90 10 


67 2° 


62-5** 


t> f> 


80 20 


65-3' 


eo-s" 


Delicate ciystalline needled. 


70 80 


62-9° 


59-8" 


It »> f» 


60 40 


eo-s'* 


56-5' 


Amoiphous, lumpy. 


50 50 


se-e** 


66-0** 


Large crystalline lamellffi. 


40 60 


56-3* 


54-5'* 


>> tt if 


80 70 


55-1' 


54-0'* 


Amorphous, wavy, dull. 


20 80 


57-5'» 


68-8** 


Very indistinct needles. 


10 90 


eo-i* 


54-6' 


fine crystalline needles. 


100 


62-0° 


— 


Crystalline scales. 


Mixture of 








FblmlticAcid. Myristic Add.' 








100 


620' 


— 


Giystalline scales. 


90 10 


eo-i** 


SS-?'* 


i> it 


80 20 


58-0* 


53-5* 


Scaly and indistinct needles. 



^ For further information about this determination see also Pohl, in Polyt. 
CentrbL Jg. 1855, p. 165 ; Bergmann, in Kunst und Gewerbebl. f. Bayem. 
Jg. 1867, Januarheft ; Buis, in Annalen d. Chem. und Fharm. xliv. p. 152 ; 
Wimme], in AnnaL der Physik. xxxiii. 121 (Am. Joum. Pharm. zli. 22, 480} ; 
Redwood, in Pharm. Joum. and Trans. [8], vi. 1009 (1876). 

» Annal der Physik. xciL p. 688 (Pharm. Joum. and Trans. [1], xv. 426) ; 
cf. ibid. Ixxxiv. 226. 

* For particulars of the examination of a fat in which stearic, palmitic, and 
myrisiio acids were found, see Greenish in Pharm. Joum. and Trans. [8], x. 909. 
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Hixturo uf 
FtOmltio Add. Myriatie Add. 

70 30 

60 40 

50 50 

40 60 

SO 70 

20 80 

10 90 

100 

Mixture of 
Kyrlfltic Add. LaurioAdd. 



100 
90 
80 
70 
60 
50 
40 
80 
20 
10 





10 
20 
30 
40 
50 
60 
70 
80 
90 
100 



Mixtizreof 
Stearic Add. KyristicAdd. 

100 

90 10 

80 20 

70 30 



60 

50 
40 
80 
20 
10 




40 

50 
60 
70 
80 
90 
100 



Mixture of 
Fftlmitic Acid. Laurie Add. 

100 

90 10 

80 20 

70 80 

60 40 

50 50 

40 60 

30 70 

20 80 

10 90 

100 

Mixture of 
Stearic Add. Laurie Add. 

100 

90 10 

80 20 



Melts at 
54-9' 
51-5'' 
47-8" 
47-0** 
46-2' 
49-6' 
51-8** 
53-8^ 

53-8- 
51-8' 
49-6- 
46-7' 
480- 
37-4* 
36-7- 
35'1« 
88-5' 
41 '3' 
43-6' 

Melts at 
69-2- 
67-1' 
650* 
62-8* 

59-8* 

54-5* 
50'4- 
48-2' 
47-8* 
51-7* 
63-8' 

62-0* 
59-8' 
57-4' 
54-5'' 
51 -2* 
47-0* 
401' 
38-3' 
37-1* 
41 -S- 
43-6* 

69-2- 
67-0* 
64-7' 



SoUdifles at 
51-3'* 
49-5' 
45-3' 
43-7" 
43T 
41-3" 
46-3*' 



Manner of Solidification. 
Extremely fine needles. 
AmorphouB, lumpy. 
Large crystalline lamellae. 
Indistinct lamellae. 



>» 



»« 



47-3* 
44-5' 
39-0- 
390' 
35-7' 
33-6' 
32'3" 
330' 
86-0" 



Amorphous. 
Long needles. 
Ciystalline scales. 

Crystalline scales. 
Very minute crystals. 



ft 



M 



Amoiphous. 

Large crystalline lamellae. 

Amorphous. 

Amorphous, frond-like. 

» »t tf 

Crystalline needles. 

Scaly crystals. 



Manner of Solidification. 
Scaly crystab. 
Distinct crystalline scales. 
Rather less distinct crystalline scales. 
Still less distinct crystalline scales; 

no needles or lamellae. 
Scaly crystallization commences; no 

trace of needles or lamellae. 
Amorphous, opaque. 
Beautifid large crystalline lamellae. 
Crystalline lamellae. 
Lidistinctly crystalline. 
Amorphous, opaque. 
Crystalline scales. 

Crystalline scales. 
Still distinct crystalline scales. 
Somewhat less distinct cryst. scales. 
Still less distinct crystalline scales. 
Granular, indistinct crystalline scales. 
Almost amorphous, opaque. 
Beautiful large crystaJline lamellae. 
Small crystalline lamellae. 
Indistinctly crystalline. 
Amorphous. 
Crystalline scales. 

■> 

Crystalline scales. 

Still distinct crystalline scales. 



» 



>f 



» 



§ 18. MELTINO POINTS OF FAT ACIDS. 



17 



Kixture of 






Stearic Acid. Laiirlc Acid. 


Melts at 


Manner of Solidification. 


70 30 


62-0* 


Distinctly granular and scaly. 


60 40 


69-0' 


Granular; commencement of scaly 
crystallization. 


50 50 


55-8' 


Almost amoiphous, slightly granular. 


40 60 


so-s-* 


Amorphous, warty. 


30 70 


43-4- 


On the surface shining faces of small 
crystals. 


20 80 


88-5- 


Amorphous, warty. 


10 90 


41 -S' 


Amorphous. 


100 


43-6" 


Crystalline scales. 



Heintz also noticed that a mixture of three fat-acids could melt 
at a still lower temperature, even if the third fat-acid added 
possessed a higher melting-point than either of the others. A 
mixture of 30 parts of palmitic and 70 of m3rristic acid melts at 
46*2**, and solidifies amorphous. To 20 parts of this mixture 
stearic acid was added in the following proportions, and melting- 
point and manner of soHdification observed : 



stearic Acid. 


Melts at 


Manner of Solidification. 


1 


45-2' 


Amorphous. 


2 


44-5* 




3 


44-0* 




.4 


43-8' 




5 


44-6" 




6 


45-6- 




7 


460- 




8 


46-6' 





To 20 parts of a mixture of 30 parts of myristic with 70 of lauric 
acid, melting at 35 '1^ palmitic acid was added, and the following 
observations made : 



FalmiUo Acid. 


Melts at 


Manner of Solidification. 


1 


33-9' 


Amorphous. 


2 


331* 




3 


32-2- 




4 


327* 




5 


33r 




6 


84-6' 




7 


35-3' 




8 


36-0- 




9 


87-3' 


Indistinct minute needles. 


10 


88'8» 


Minute needles. 



These tables show clearly that it is important to examine the 
fractions in the succession in which they were prepared For 
iBstance, supposing the first precipitate to have yielded a fat- 
acid melting at 68*, which might consequently be considered as 
stearic acid, the following precipitates fat-acids melting at about 

2 
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56*6'', and subsequently one melting at 62*, the conclusion to be 
drawn is that the last is palmitic acid, and that the fractions with 
lower melting-points consist of mixtures of stearic and palmitic 
acids. According to Heintz's table a mixture of equal parts of 
stearic and palmitic acid should melt at 56 '6^ and assume on 
cooling a lamellar crystalline structure. Should no palmitic acid 
have been found, but in its stead a fat-acid melting at about 53"* 
to 54*", the presence of myristic acid is to be inferred and the 
mixture melting at 56*6** would contain about 55 parts of stearic 
to 45 of myristic acid. 

It is easy therefore to understand that if these observations be 
correctly interpreted a rough judgment may be formed of the 
amount of the separate acids present in the fat 

At the ordinary temperature pure stearic add, dissolves in about 
40 parts of absolute alcohol, but in much less ether. When 
suspended in water it may easily be collected and remove^, by 
agitation with the latter solvent. The barium and calcium salts 
are soluble in boiling alcohol, but the major part separates out 
again on cooling. 

PaimUic add dissolves much more easily in warm and cold 
alcohol, and is very soluble in ether. It may also be collected 
when suspended in water by shaking with ether. 

§ 19. Okie Acid, etc. — The alcoholic liquid from § 16, which 
gives no further precipitate on the addition of acetate of magne- 
sium and ammonia, may be freed from alcohol by distillation 
under diminished pressure. That may be accomplished, both in 
this and many other cases, in the following manner: A retort 
is charged with the liquid, into which a few pieces of scrap 
platinum may with advantage bo introduced, and attacheji to a 
Liebig's condenser provided with a tubulated receiver, care being 
taken that all connections are air-tight. The exhausting tube of 
a Bunsen's air-pump is then introduced into the tubulure of the 
receiver. Even if the evacuation be carried to only one-half an 
atmosphere, aqueous infusions, etc., may be rapidly concentrated on 
the water-bath and decomposition thus avoided which would other- 
wise easily be caused by overheating, or by the action of the air, etc. 

After the recovery of the alcohol by distillation, the residue is 
poured from the retort^ which may be rinsed with a little water, 
and acidulated with hydrochloric acid. The fat-acid which col- 
lects on the surface of the liquid may be removed mechanically, 
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or by agitation with ether. In examining these acids attention 
must be paid to the possible presence of members of the oldc-add 
series (^ 130, 131) and of the allied ridnoleic acid. (See also § 12.) 
As a preliminary operation an ultimate analysis may be made ; 
and if this, as well as the reactions of the oil already observed, 
does not point directly to a particular acid, an attempt must be 
made to accomplish a separation either by treating the plaster 
obtained by heating the fat-acid with oxide of lead, with ether 
(which dissolves oleate of lead) or absolute alcohol ; or by frac- 
tionally precipitating an alcoholic solution of a soda^oap with 
acetate of barium, or acetate or chloride of calcium (§§ 130, 131). 

CHLOROPHYLL AND ALKALOIDS EXTRACTED SIMULTANEOUSLY 

WITH THE FIXED OIL. 

§ 20. Chlorophyll, — The petroleum-spirit extract of vegetable 
substances often shows a green colour by transmitted light 
This is generally due to chlorophyll Such solutions are usually 
fluorescent, and appear blood-red by reflected light. Pure chloro- 
phyll is only slightly soluble in petroleum spirit, and its presence 
in this extract is accounted for by the influence exercised 
upon its solubility by the fixed oil. That the green colour is 
really due to chlorophyll may easily be shown by spectroscopic 
examination. White light, on passing through a solution of this 
substance, undergoes a change in various of its constituent 
colours, as shown by the absorption bands in the spectrum. If 
the Fraunhofer line A correspond to 17 on the scale, B to 28, 
C to 34, D to 50, and F to 90, there are observable in the 
spectrum '(compare Table L to § 148, Nos. 13 and 14)^ four 
absorption bands situated between B and F, the darkest of which 
extends from 30 to 42, and the remaining three from 44 to 50, 52 
to 56, and 58 to 60 respectively. Frora 80 to the end the spectrum 
gradually darkens. Of these absorption bands only the first two 
c^ji be observed in dilute solutions, and the relative amount of 
chlorophyll dissolved may be judged from the presence or absence 
of the others. It would be scarcely possible to obtain absolute 
values for the amount of chlorophyll present, as liquids containing 
but very small quantities of that body are comparatively deeply 
coloured. Moreover, no method has hitherto been found available 

^ In examining a fresh leaf, only the most marked line between B and C is 
fieon. Compare Vogel, Ber. d. d. chem. Ges. B. xi. pp. 623, 1367 (1878). 

2—2 
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for separating chlorophyll from the sabstances that accompany iL 
But if series of analyses are to be made with the same plants ta 
determine the changes it undergoes under the influence of the 
seasons, or certain conditions of cultivation, etc., the relative 
quantity of chlorophyll may be estimated by the optical (colon- 
metric) method. It is better, however, to use alcohol or ether instead 
of petroleum spirit, as the latter does not usually extract the whole 
of the chlorophyll present Admixture of foreign colouring matter 
may be avoided by first extracting the material several times with 
water, and drying the residue at the lowest temperature possible. 
The chlorophyll may then be dissolved out by alcohol or ether. 
(See further in §§ 37, 132.) 

Under the microscope chlorophyll is seen to be associated with 
semi-fluid substances allied to protoplasm, often in the form of 
small granules (the so-called chlorophyll-granules), from which it 
may be extracted by alcohol. It is more rarely found equally dis- 
tributed throughout the whole of the protoplasm covering the 
inner surface of the cell walL It is bleached by chlorine and eau 
de Labarraque ; the green colour is changed to yellow by dilute 
acids, and blue by concentrated hydrochloric acid. 

§ 21. Alkaloids extracted by Petroleum Spirit, — Parts of plants con- 
taining alkaloid may, when extracted with petroleum spirit, yield 
some of the alkaloid, together with fixed oil, to that menstruum, 
even when the pure alkaloid is insoluble in it. Here, too, it is the 
ii^ed oil that determines the solution of the alkaloid. The presence 
of the latter may be detected by evaporatihg the petroleum-spirit 
solution, shaking the residue with water acidulated with sulphuric 
acid, and separating the aqueous from the oily liquid. Should an 
emulsion have been formed, separation may be induced by allow- 
ing the mixture to stand at a temperature of 40** to 50*. The 
last traces of suspended fat may be removed from the acid liquid by 
shaking with petroleum spirit, and the presence of alkaloid demon- 
strated by the usual reagents. (Cf. § 63.) The amount will not 
often be large enough to cause a perceptible error in the determi- 
nation of the fixed oil. But in dealing with very small quantities 
of alkaloid the estimation of the latter may, under these circum- 
stances, be appreciably affected ; cases occur in which even the 
whole of the alkaloid present passes into solution with the oil^ 
and would be overlooked if attention were not paid to this pro- 
perty of fixed oil. On that account the petroleum-spirit solution 
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must be treated as above described, and the alkaloid so isolated 
added to the extracts in which vegetable bases are to be looked for. 

EXAMINATION OF THE ETHEREAL OIL. 

§ 22. Deleciion avid Estimation. — Here, as in § 11, we will first 
discuss the simpler case, viz., that in which the petroleum spirit 
has removed ethereal, but no fixed oU, or at least ouly a very 
small quantity. 

Like fixed oil, ethereal oil may also be frequently recognised 
under the microsct^ as highly refracting globules, or drops of 
irregular shape, which are soluble in cold alcohol (fixed oil dissolves 
usually in warm spirit only, if indeed it is soluble at all) and in- 
soluble in water. Some of them yield even imder the microscope 
several of the characteristic colour- reactions described in § 142. 

"VVe have now to estimate the ammvi of ethereal oil present 
as accurately as possible, without using any very lai^ quantity 
of material. From experiments made by Osse^ the following 
method would Appear to be the best A quantity of the 
petroleum- spirit solution is accurately measured on to a carefully 
tared glass dish, which can be closed air-tight (Cf. J 9.) If 5 cc 
of the solution correspond to 1 gram of substance, 1 to 2 cc will 
be found to be sufRcient. The glass dish pontaining the petroleum- 
spirit solution is then placed under a tubulated glass bell-jar 



{Fig. 1), A, with ground edges resting on a ground-glass plate. 
Two glass tubes are then introduced through the tubulure ; one 
of them {h) reaches nearly to tho surface of the liquid to be 
evaporated, the other (a) is cut off close below the cork, and con- 
nected with an aspirator (C), so that a current of dry air may be 
1 Arehiv d. Pham. [3], vii. 101 (187f<) (Year-book Pharm. 1378, 362). 
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drawn through the apparatus, entering bj the tube h^ and 
passing out through a. A chloride of calcium tube (c) is placed 
before d, and another between a and B^ the former to dry the air 
entering the apparatus, the letter to prevent moist air from the 
aspirator passing into A. These precautions are necessary, for 
if the atmosphere in which the evaporation of the petroleum 
spirit is to take place be not completely dried, moisture may be 
deposited on the glass dish containing the solution, in consequence 
of the cold produced by evaporation, thus causing, of course, an 
increase of weight It is advisable, therefore, to connect the first 
chloride of calcium tube (c) with a Wolff's bottle one-third full of 
concentrated sulphuric acid. A current of air is then passed 
through the apparatus and the petroleum spirit allowed to 
evaporate at the ordinary temperature until the operation 
appears complete; that is, imtil the residue has only a slight 
smell of petroleum spirit The glass dish is then closed and 
weighed. After the weight has been accurately taken, it is again 
opened, exposed for one minute to the air, closed and again 
weighed, and the alternate exposure and weighing repeated until 
the same loss in weight is observed twice in succession. This 
loss is then assumed to be the amount of ethereal oil that diffuses 
into the air per minute. It is also assumed that during every 
previous exposure of one minute the same weight of ethereal oil 
has evaporated, so that to the quantity of oil as found by the 
last weighing there has to be added the ' co-efficient of evapora- 
tion,' multiplied by the number of minutes the dish has been 
exposed. (Compare the examples of estimation in § 136.) If the 
coefficient of evaporation is less than one milligram this cor- 
rection may be omitted Perhaps it would be advantageous to 
pass a current of carbonic acid through the apparatus during the 
evaporation of the petroleum spirit, as many ethereal oils diffuse 
much more slowly into that gas than into atmospheric air. 

§ 23. In Presence of Fat and Resin. — After thus determining 
the weight of the substances dissolved in a known quantity of 
petroleum spirit, it must be ascertained whether the residue after 
evaporation is completely volatile at 110°, or leaves a non- volatile 
residue of resinous or fatty matter. In the latter case the weight 
must be determined and deducted from that obtained in § 22. 
(See § 138.) If the non-volatile part constitutes the majority of 
the dissolved substances it may be ascertained, after the removal 
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of the ethereal oil by evaporation, whether the residue is now 
stiD: completely soluble in petroleum spirit Besins which, in a 
state of purity, are not dissolved by petroleum spirit, may be taken 
into solution by means of ethereal oil, just as fixed oil carries 
with it alkaloids and chlorophyll; they are left undissolved on 
again treating with petroleum spirit the residue freed from 
ethereal oil After having removed by this solvent the fixed 
oil, etc., that has been simultaneously extracted, the resin may be 
weighed alone (§ 146). 

Of course it is advisable to repeat the experiments described in 
§§ 22, 23 several times, and take the mean of the results. I need 
scarcely say that this method of determining the total ethereal oil 
does not guarantee any absolute accuracy, but as it is the only 
one we have at our disposition it might, for the time at least, be 
deserving of some notice. With less volatile oils, cinnamon, 
clove, etc., it has jdelded very satisfactory results, but less so with 
terpenes, such as oil of lemon and turpentine. 

§ 24. Distillation of Larger Quaniiiks of Oil, — If a further insight 
into the composition of the ethereal oil is desired, a larger quantity 
must be prepared from 5 to 100 kilograms of material For this 
purpose distillation in a current of superheated steam is to be 
recommended, the material having been if necessary previously 
comminuted and soaked in water. In order that the steam may 
thoroughly penetrate it the apparatus should be packed with 
alternate layers of material and straw. A distillate consisting of 
essential oil and water will be obtained which may be separated 
from one another in burettes or Florentine flasks. It should *not, 
however, be forgotten that many ethereal oils are tolerably easily 
soluble in water, and a small quantity of petroleum spirit of low 
boiling-point should therefore be shaken with successive portions 
of the aqueous distillate. The petroleum spirit is allowed to 
evaporate in a current of carbonic acid in the apparatus described 
in § 22, and the residue added to the oil separated from the distil- 
late (§ 137). 

§ 25. Examination of Aqueous Distillate. — After separation of 
the oO, the action of the watery liquid on litmus should be 
tested. It will be frequently found to possess a distinct acid 
reaction, and contain formicy acetic, or other volatile acids of the 
fat^acid series. In such a case the higher acids in the series 
may bo removed by shaking with ether or petroleum spirit. To 
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obtain all, including those standing lower in the series, the aqueous 
distillate may be saturated with soda, concentrated and acidified 
with sulphuric acid (1'5). If an oily acid separates from the 
aqueous liquid, angelic or valerianic acid, or an acid higher in the 
series, may be looked for. (The test of smell, boiling-point, etc., 
may be applied, and the ultimate analysis mada) Further in- 
formation on this point may be found in §§ 139, 140. If the acid 
liberated is soluble in water, an attempt to separate it by the addi- 
tion of chloride of calcium may meet with success. Should that not 
be the case, formic and acetic acids may finally be tested for (be- 
haviour to mercuric chloride, ferric chloride and nitrate of silver, 
the latter also reduced by acrylic acid) as well as salicylous acid. 
The last-named acid strikes a violet colour with ferric chloride. 
(See also § 33.) Salicylouif acid may likewise be separated from 
its aqueous solution by shaking with ether. For hydrocyanic 
acid see § 34. 

Toxicodendric acid, to which Maisch partly attributes the poisonous 
properties of Rhus toxicodendron, appears to possess great simi- 
larity with formic, acetic, and acrylic acid. It may be isolated 
by distillation, and like formic acid reduces nitrate of silver and 
chloride of gold slowly in the cold, quickly on warming. But it 
does not reduce mercurous nitrate or chromic acid as formic acid 
does, nor does it yield the iron reaction characteristic of acetic 
acid, etc.; the mercuric salt dissolves with difficulty in water^ 
(formic acid reduces mercuric to mercurous chloride). 

§ 26. SalkyliCy Benzoic Acid, etc, — It must also be borne in mind 
that some of the acids of the aromatic series, such as salicylic and 
benzoic acid (§ 65), are volatile with the vapour of water at 
temperatures as low as 100", and may therefore be carried over 
with the steam in distilling the ethereal oil. On shaking the 
distillate with petroleum spirit small quantities of salicylic acid are 
removed, but ether and chloroform may be more advantageously 
employed ; the latter liquid is also adapted for the isolation o 
benzoic acid. On evaporating the ethereal or chloroformic (or 
petroleum spirit) solution, both benzoic and salicylic acid are 
obtained as crystalline residues difficultly soluble in cold water 
(salicylic acid about 1 in 300).^ The two acids may be dis- 

* Conf. Amer. Journal of Pharmacy, zxzviix. 9 (1866). 

' For particulars of the detection of ealicylic acid in Viola tricolor by Mandolin 
in my lab oratory, see Sitzungsber. d. Doipater Naturf. Gesellsch. Jg. 1879, p. 77, 
and Diss. Dorpat., 1881 ; also Pharm. Joum. and Trans. [3] xii. 627. 
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tinguished by their behaviour to ferric chloride, with which 
salicylic acid strikes the well-known violet colour. Benzoic acid 
may be easily sublimed between watch-glasses. Dissolved in a 
drop of ammonia, the excess of which is allowed to evaporate by 
•exposure to the air, a drop of ferric chloride produces a brownish 
tinge. 

Cinnamic add may also be similarly distilled over, and separated 
from the distillate. It may be distinguished from both the fore- 
going acids by its behaviour to oxidizing agents such as permaa* 
ganate of potassium, with which an aqueous solution yields on 
warming oil of bitter almonds, whereas benzoic acid yields the 
same product when acted upon by a reducing agent such as 
sodium-amalgam. (See also § 38.) 

Any cinnamic acid present might in certain cases have been 
produced from ethereal salts, such as, for example, styracin 
{cinnamate of cinnamyl), or cinnamem (cinnamate of benzyl). 
Both of these compounds are soluble in petroleum spirit, and are 
resolved, by decomposition with an alkali, into cinnamic acid and 
the respective alcohol Styracin crystallizes in needles, which, 
according to Scharling,^ melt at 44^ Cinnamem is liquid at the 
ordinary temperature. The former has an odour resembling 
vanilla^ the latter a faint smell of balsam of Peru. 

If one of the three acids mentioned has been isolated, special 
-care should be taken to ascertain whether the corresponding 
aldehyde is also present in the aqueous liquid, viz., salicylic, benzoic 
(oil of bitter almonds), or cinnamic aldehyde, and whether the acid 
has not been produced from the aldehyde by absorption of oxygen 
during or after distillation (§ 33). 

§ 27. Physical Properties. — The principal part of the oil ob- 
tained by distillation should be completely freed from moisture, 
filtered and tested with regard to its consistence. If, on standing 
some time in a freezing mixture, a crystalline constituent be 
deposited it should be separated and examined by itself. The 
action of the oil on polarized light should be observed (§ 141), and 
Jluorescence looked for ; if present, it should be ascertained whether 
warm water will remove a substance fluorescent either alone or on 

* Annalen d. Chemie u. Pharm. Ixviii. 168. See also RUgheimer Disserta- 
tion, Tubingen, 1878 ; Kraut, Annalen der Chemie n. Pharm. cUi. 129 (1869) ; 
<Amer. Journ. Pharm. xlii. 236) ; and Von Miiller, Ber. d. d. chem. Ges. Jg. 
1876, 274. 
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the addition of caustic potasL Any resin that may have been 
obtained in the quantitative estimation of the oil (§ 23), should 
be tested for a fluorescent substance by treating with distilled, or, 
if necessary, alkaline water ; umbeUiferone should be specially borne 
in mind (§ 43). The resinous constituents, which will be sub- 
sequently isolated according to § 36, et seq.y may be examined for 
umbeUiferone by mixing with sand and submitting to destructive 
distillation, or by heating in sealed tubes with alcoholic solution 
of hydrochloric acid. 

Further, the specific gravity of ethereal oils should be taken. 
WestphaFs specific-gravity balance may be advantageously em- 
ployed for this purpose, especially if tl^e quantity of oil at disposal 
is rather small. (Cf. § 141.) 

It should also be ascertained what percentage of pure alcohol 
a spirit must contain to be miscible with the oil in all proportions. 
A drop only of spirit is first added to the same quantity of oil, 
and if the resulting mixture is perfectly clear, note should be 
taken whether the further addition of spirit cause a cloudiness oi* 
not It is, however, only with freshly-prepared oil that such 
reactions can be considered as characteristic of the oil Many 
oils undergo a change on keeping for any length of time, becoming 
more or less soluble in alcohol, or forming clear mixtures with 
small proportions, but cloudy with larger (§ 141). 

§ 28. Reactions, — It is, moreover, desirable to make qualitative 
experiments with small quantities of the ethereal oil, in order to 
become acquainted with their behaviour to some few re-agents. 
For this purpose I have recommended sulphuric acid, alone or 
applied in combination with sugar, nitre, or ferric chloride ; nitric 
acid, alcoholic hydrochloric acid, solution of bromine in chloro- 
form, picric acid, etc. 

For the results which I myself, and some of my pupils, have 
obtained with the more important ethereal ojls, see § 142. 

§ 29. Detection of Sulphur, — Some ethereal oils contain sulphur, 
which may be detected by mixing a few drops of the oil with 
carbonate of soda and nitre, and introducing it into a piece of 
combustion tubing, about 15 ctm. long, sealed at one end. The 
upper part of the tube is then charged with a similar mixture of 
soda and nitre, and the whole ignited as if it were an ultimate 
analysis in miniature. About one-third of the mass from the 
bottom of the tube upwards is then dissolved in a little water,. 
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heated with excess of hydrochloric acid as long as nitrous fumes 
are evolved, and then tested for sulphuric acid by chloride of 
barium. 

Warming a small quantity of an ethereal oil containing sulphur 
with a solution of caustic potash of specific gravity 1 '3, and adding 
nitro-prusside of sodium, after diluting with water, often suffices 
to show the presence of sulphur by the sulphide of potassium 
formed striking a bluish-violet colour with the nitro-prusside. 

Some ethereal oils contain nitrogen^ and many of these are re- 
garded as nUriles, This element may be detected by heating a drop 
of the oil with metallic sodium, dissolving the cooled mass in water, 
adding a drop of solution of ferric and ferrous salt, and, after a few 
minutes, acidifying with hydrochloric acid, when a precipitate of 
Prussian blue makes its appearance if nitrogen is present 

If the ethereal oil contains a sidphocyanide (oil of mustard or 
horse-radish), both the sulphur and nitrogen test must yield a 
positive result 

§ 30. Constituents, — Ethereal oils distilled from vegetable sub- 
stances are generally mixtures that can be separated into their 
constituents. If this is to be attempted we must, from the first, 
admit that, in the present state of our knowledge, an exact 
quantitative separation is not to be thought of. The principal 
reason for this must be sought for in the ease with which ethereal 
oils undergo decomposition, and the great disposition many of 
them show to form polymers. In the majority of cases only one 
method of separating the constituents of an oil is feasible, viz., 
that oi fractional distUlaiiony which must be repeated until products 
of constant boiling-point have been obtained. But it is in this 
very distillation that a change in the oil often takes place, either 
by the formation of polymers of the original oil with higher 
boiling-points, or by the production of hydrocarbons by the 
liberation of the elements of water from constituents of the oil 
containing oxygen. 

An important improvement in these operations might perhaps 
be made in conducting the distillations under diminished pressura 
In order to make this modification available, the temperature 
must first be ascertained at which the more commonly occurring 
constituents of oils can be distilled. Many of the terpenes present 
in ethereal oils may be distilled under the ordinary pressure at 
155' to 157*; many of their polymers at about 190**; others at 
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About 250"*. This knowledge forms, of course, a good basis on 
which a separation may be attempted 

For these and other fractional distillations which may have to 
be performed in the analysis of plants, small flasks provided with 
the dephlegmators recommended by Linneman may be used. 
(Cf. § U3.) 

§ 31. StearopieneSf etc, — ^The following are the more important 
constituents of ethereal oils that have up to the present time 
been observed : Terpenes of the composition CioHj^ often boiling 
at ISS"* to 157°; polymers of the same, of the formula C15H24 
and C20H32, boiling frequently at about 190* or about 250*; 
oxygenated compounds of the formula C^^HgoO, C^QHigO, CiqHi^O, 
CiqHj^O, CiqHjjO, CioHjgOj ; hydrocarbons of the formula C^qHi^ 
are more rarely to be found ; still less frequently those of the 
CnH2n series. Of these constituents of oils, it is noticeable that 
those containing oxygen crystalUze in the cold more readily than 
hydrocarbons of the formula Ci^Hjg, and to the former, therefore, 
our attention must be specially directed in the examination of 
the crystalline 'stearoptenes' obtained by cooling the oils (with 
the exception of otto of roses = CpHgn). 

If such a stearoptene has been isolated, its purification should 
be attempted by repeatedly crystallizing from alcohol or ether, 
pressing the crystals each time between blotting-paper. The co- 
efficient of refraction may then be ascertained in the alcoholic 
solution of the pure substance ; the melting-point, boiling-point, 
and vapour-density determined ; and, finally, an ultimate analysis 
made. It should also be ascertained whether hydrocarbons can 
be obtained by distillation over phosphoric anhydride or chloride 
of zinc. 

The liquid portions of the various fractions should be subjected 
to similar experiments, with the exception of the last It will 
frequently be found that ethereal oils containing oxygen, as well 
as those containiog hydrocarbons, of the formula G^^Hg^ and 
C2QH32, yield very characteristic colour reactions with the re- 
agents detailed in ^ 28, 142 ; whilst oils consisting principally of 
terpenes of the formula C^oHjg show less inclination to give 
marked reactions. These latter oils may often be purified for 
ultimate analysis by distillation over metallic sodium. 

§ 32. Other Constitttents. — Besides the constituents already men- 
tioned — which indeed,, although frequently agreeing in their 
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composition, have, when prepared from different plants, somewhat 
dissimilar properties (odour, behaviour to polarized light, etc.) — 
some ethereal oils contain other substances which may belong to 
tolerably distant groups. Aldehydes, ethereal salts, alcohols, 
acids, eta, have been found in various oils. 

§ 33. Aldehydes. — If an aldehyde is to be looked for in an 
ethereal oil, it must first be ascertained whether that oil precipitates 
metallic silver from an ammoniacal solution of the nitrate.^ If 
this is the case, it must be shaken with a concentrated solution 
of acid sulphite of soda. The majority of aldehydes are dissolved 
by acid sulphite of soda, and may be separated from other consti- 
tuents which do not enter into such combination by removing the 
aqueous liqui L The aldehyde may then be liberated from com- 
bination by neutralizing with caustic soda or decomposing with 
dilute sulphuric acid, and, when thus separated, should be tested 
as to its physical properties, odour, etc. It should also be ascer- 
tained if it produces a crystalline precipitate in ethereal solution 
of ammonia. Finally, an ultimate analysis may be made. 

Of the aldehydes to which particular attention should be 
directed, I may mention those of pelargonic, capric and methyl- 
capric acid, of angelic, cinnamic, salicylic, and benzoic acid 
(§§ 25, 26). Many, perhaps all, vegetable substances contain- 
ing chlorophyll, when distilled in the fresh state, appear to 
yield a substance with the characters of an aldehyde.^ 

§ 34. Volatile Acids, — Acids may be removed from the ethereal 
oil by shaking with dilute solution of potash or soda, and may be 
liberated, after evaporation of the solution, by the addition of 
dilute sulphuric acid. (Cf. ^ 25, 139.) Besides the volatile 
acids already mentioned, the possible presence of hydrocyanic 
acid, which is partially converted into formic acid by shaking 
with soda, is not to be forgotten. It may best be looked for in 
the aqueous part of the distillate (§ 25), and recognised by the 
well-known silver precipitate and sulphocyanide and Prussian- 
blue test& 

§ 35. Ethereal Salts, — If an essential oil is to be examined for 
ethereal salts that may be mixed with it, it should be remembered 
that such salts may be decomposed by heating in autoclaves with 

1 See ToUena, Ber. d. d. chem. Gea. xv. 1635 ; Salkowski, ibid, 1739 (1882). 
3 See Ber. d. d. chem. Gea. xiv. 2144, 2508, for an account of this most 
interesting observation. 
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solution of caustic soda or with baryta-water, yielding a salt of the 
acid, and the alcohol corresponding to the basic radical contained 
in them. This latter body may be separated by distillation.^ 
Acetate of octyl, which occurs in the oil of Heracleum, would 
thus yield an acetate and octyl alcohol Certain substitution 
acids, such as methyl-salicylic acid, might be similarly decom- 
posed ; this, for instance, would yield a salicylate and methylic 
alcohol The latter class of compounds would split up on treat- 
ment with hydriodic acid ; methyl-salicylic acid would thus yield 
iodide of methyl and salicylic acid. 

If the alcohols and iodides thus liberated are tolerably freely 
soluble in water, and therefore not mechanically separable, they 
must be removed by fractional distillation, in which chloride of 
calcium and other hygroscopic substances may be often used with 
success.^ Their identification should rest upon the determination 
of boiling-point and vapour-density, and the ultimate analysis. 
The same applies in the case of an ethereal oil containing an 
alcohol a priori 

Of the alcohols that may be more commonly separated from 
ethereal oils, methyl alcohol boils at 58*6°, ethyl at 78*4', propyl at 
96", isopropyl at 83' to 84°, butyl at 116^ isobutyl at 109', amyl 
at 130^ pseudo-amyl at 120°, hexyl at 167^ heptyl 175-5' to 
177-5% octyl at 196' to 197'. 

To distinguish between a primary, secondary, and tertiary 
alcohol, V. Meyer and Locher recommend conversion into iodide. 
This is mixed with twice its weight of nitrate of silver and a little 
sand, and distilled, the distillate shaken with strong solution of 
caustic potash and nitrite of potassium, and then acidified with 
dilute sulphuric acid. If a primary alcohol is present the mixture 
will turn red, if a secondary, blue (which may be removed by 
shaking with chloroform), whilst tertiary alcohols give colourless 
products of decomposition. In the series of secondary alcohols 
the reaction succeeds as far as amyl alcohol, in the series of primary 
alcohols as far as octyl alcohol (Gutknecht).^ 

The acids separated from the ethereal salts, obtained by decom- 
posing the alkali or barium salt with sulphuric or phosphoric acid, 
may be examined according to the directions given in ^ 25, 34, 130. 

^ Cf. Wankljm, Chem. News. xxvi. 134. 

^ If the ethereal salt yield ethylic alcohol as a prodnct of decomposition, 
the amount may be directly estimated from the specific gravity of the distillate. 
* See also Heil and Urech, Ber. d. d. chem. Ges. zv. 1249 (1882). 
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Examination of the Substances Soluble in Ether. 

resins and their allies. 

§ 36. Extraction. — ^After the examination of the substances dis- 
solved in petroleum-spirit has been carried as far as possible, 
the residue (cf. § 9), thoroughly washed with the menstruum, 
should be removed from the filter (which is to be kept) dried at 
the ordinary temperature, and then macerated for seven to eight 
days with pure ether. It is advisable to use the same vessel that 
has been employed for the treatment with petroleum spirit. If 
it has been well washed there is no necessity for being minutely 
particular to bring the whole of the residue on to the filter. The 
same vessel should, if possible, be reserved for the extraction 
with alcohol, to be described in § 47, and the filtration effected 
through the same filter that has already done duty for the 
petroleum spirit and ether extracts. I allow the ether destined 
for this purpose to stand for several weeks over porous chloride 
of calcium, and then rectify it after carefully separating the 
calcium salt. To obtain constant results in such analysis it is 
necessary to have the ether as free as possible from water and 
alcohol. Ordinary commercial ether would, for instance, extract 
a portion of the tannin (sometimes more, sometimes less) from 
parts of plants containing that substance, whilst ether, purified as 
described, does not usually produce this effect As it is not well 
possible to remove the whole of the tannin with commercial 
ether, I prefer to refrain from extracting any of it with that 
menstruum, and remove the whole subsequently with alcohol To 
attain this end I avoid the employment of a high temperature in 
extracting with ether. Indeed, I am of opinion that in the course 
of the analysis of plants, it is better in the majority of cases to 
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allow the solvent to act at the ordinary temperatura Some 
instances of special estimations may be excepted in which separate 
portions of the material may be extracted warm. 

After allowing the maceration with ether to proceed for about 
eight days, the first estimation to be made is that of the total 
substances dissolved^ which may be effected by evaporating 
an aliquot part, or the whole of the extract, in a flat-bottomed 
glass dish. I usually employ a measured quantity of ether, say 
5 to 10 cc, for every gram of substance under examination, 
macerate in a well-closed flask, and replace any ether that may 
have been lost by evaporation during the procesa After well 
shaking I take a certain number of cc. of the clear or (cf. § 9) 
filtered liquid for evaporation. The residue must be dried at 
100** to 110*, till the weight is constant, and this then noted. 
It ^should be ascertained whether any fatty matter which has 
escaped extraction with petroleum spirit is mixed with the residue, 
and if this is the case it should, if possible, be removed by wash- 
ing with the latter liquid, its weight noted, added to the amount 
found in § 9, and subtracted from the substances dissolved by 
ether. It must also be borne in mind that all fats are not neces- 
sarily soluble in petroleum spirit. It is well-known that castor oil 
forms clear mixtures with certain, but not all proportions of that 
solvent.^ 

The remainder of the ethereal extract is filtered from the 
residual powder, the latter washed, and extract and washings 
allowed to evaporate at the ordinary temperature. The residue 
of the substance is freed from ether at the same temperature as 
speedily as possible. 

§ 37. Chlorophyll. — The ethereal extract may also be tested 
before evaporation for chlorophyll, as described in ^ 20, 132, et seq. 
I have already observed that this substance is more easily and 
completely removed by ether than by petroleum spirit. 

§ 38. Portion Solvhle in Water, — That part of the ethereal 
extract which has been evaporated at the ordinary temperature 
may, if possible, be powdered or brought into as fine a state of 
division as practicable by triturating with washed sand or pure 
siliceous earth {Kieselguhr\ and treated with cold water. In the 
aqueous solution substances soluble in water, such as hcematoryliny 
gallic acidy catechiuy pyrocatechin, salicylic add, benzoic acidy 

^ Jahrb. f. Phann. 1876, p. 369 (Year-book Pharm. 1876, p. 356). 
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salicin and oiher glttcosides^ and alkaloids may be looked for. The 
latter, however, may, as a rule, be more easily extracted with 
water containing acetic or sulphuric acid. A measured portion 
of the aqueous liquid may be evaporated, and the residue weighed. 
For the detection of hasmatoxylin and allied substances see § 150 ; 
of gallic acid, etc., § 151 ; of salicylic and benzoic acid, §§ 26, 34; 
of glucosides, ^ 54 et seq.y 165 et seq. ; of alkaloids especially, §§ 63 
et seq,j 171 d seq. 

§ 39. Portion Soluble in Alcohol. — The part insoluble in water 
should be again dried and extracted in a similar manner with 
absolute alcohoL If the plants under examination contain much 
resin it will often be observed that a part only of the resinous 
constituents, eta, dissolves in alcohoL The amount of matter 
soluble in alcohol, as well as in ether, must then be determined 
by evaporating the alcoholic solution and weighing the residua 

We have thus determined (a) the total substances dissolved by 
ether, (b) any fat that may have been extracted, (c) the substances 
soluble in ether and water, (d) substances insoluble in water, 
soluble in ether and in alcohol, and (e) substances extracted by 
ether insoluble in water and alcohoL 

The next step is to obtain a further insight into the nature of 
the resinous substances soluble in ether alone, as well as those 
soluble in ether and alcohoL 

§ 40. Microchemical Examination. — ^The microscopical examina- 
tion shows that the resins are present partly in the cell wall, 
saturating it as it were, and partly in the form of exudations 
either within or upon the cells. Special attention should be paid 
to their insolubility in water, solubility in alcohol or ether, to the 
red colour which, according to Miiller, is produced with resins by 
alcoholic tinctmre of alkanna, violet or blue (Hanstein) by aniline. 
Some of the reactions enumerated in § 146 might also be made 
available for microchemical analysis. 

In the macrochemical examination it should first be ascertained 
whether the resin cannot be separated into different component 
parts by the use of other solvents, such as chloroform, benzene, 
bisulphide of carbon, acetone, acetic ether, or boiling absolute 
alcohol, or finally by precipitating the concentrated ethereal 
solution with alcohol, petroleum spirit, or other suitable liquid. 
Similarly, if a substance soluble in ether has not from the first 
been obtained in crystals, slow evaporation of the solution in the 

3 
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last-named solvents (prepared warm if necessary) should be 
resorted to in the attempt to crystallize the substance, or to 
separate it into a crystalline and an amorphous portion. 

If the endeayour)to obtain crystals be successful, the crystalline 
form should if possible be determined, and care should be taken 
to observe whether di£ferent crystalline forms can be distinguished 
under the microscope, rendering it probable that the substance 
imder examination is a mixture. ^ 

§ 41. Behaviour of Besina to BeagerUs, — It will further be of 
special interest to learn whether the substances soluble in ether^ 
insoluble in alcohol and water, are dissolved by alcoholic or 
aqueous solution of caustic potash, in which case there would .be 
reason to suspect the presence of an acid resin (§ 145). If in- 
soluble in these liquids it might be assumed that the body 
under examination is an indifferent resiriy or a resiriranhydride not 
easily susceptible of decomposition. These and the following 
experiments should be conducted with larger quantities of the 
substance soluble in ether, specially prepared for this purpose. 

If an indifferent resin or stable resin-anhydride were present it 
might first be purified by recrystallization or reprecipitation, eta, 
and then an ultimate analysis made. It should be tested for 
colour-reactions with concentrated sulphuric acid alone and in 
conjunction with sugar. If ethereal solution of bromine yield a 
substitution product, its composition should be ascertained. It 
should also be noticed whether the resin-anhydride is easily 
oxidized and dissolved by nitric acid, or whether that takes place 
only with difficulty ; whether water precipitates the unchanged 
resin after the action of the acid, or whether oxidation products 
are formed ; and if so, what is their nature, as, for instance, picric^ 
or oxalic acid (§§ 81, 219), succinic acid (§ 220). 

§ 42. Action of Fused Potash, — It is further important to become 
acquainted with the products formed under the influence of fused 
caustic potash or soda.^ The finely powdered substance, in quan- 

^ For particulars of a case of this kind, viz. the separation of a mixture of 
resins obtained from larch-fungus, see Masing, Pharm. Zeitschr. f. Russland, 
Jg. 9, p. 894 (1870). 

^ Bitter yellow crystals belonging to the rhombic system sparingly soluble in 
cold water, more freely in boiling, soluble in alcohol and ether. It stains skin 
and wool yellow, and yields a blood-red liquid when an alkaline solution ia 
warmed with cyanide of potassium, sulphide of potassium, or cprape sugar. 

' Cf. Hlasiwetz and Barth, Annalen der Chemie und Pharm. cxxziv. 265 ;. 
4»cxzviii. 61 : cxxxix. 77. 
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titles of not much more than 10 grams at one operation, is mixed 
with 6 to 8 parts of caustic alkali, and introduced in successive 
portions into a previously heated silver crucible, and the heat 
continued, stirring occasionally with a silver spatula until the 
mass is in a uniform state of fusion. After cooling the contents 
of the crucible are dissolved in water, and a slight excess of 
sulphuric or hydrochloric acid added. The decomposition pro- 
ducts, which are specially to be looked for, are butyric and 
valerianic acid (cf. §§ 25, 34, 139), pyrogallol, phloroglucin, 
and resorcin, benzoic (§ 26), paraoxybenzoic, and protocatechuic 
acid. The majority of these substances may be removed by 
ether after acidifying. Volatile fatty acids might be previously 
extracted by shaking with petroleum spirit 

Besarcin. — ^After the fatty acids have been removed by petroleum 
spirit, resorcin may be extracted from the aqueous liquid by 
shaking with ether and distilling the ethereal solution after sepa- 
ration. It forms crystals melting at 99", has a sweetish taste, and 
strikes a dark violet colour with solution of ferric chloride, violet 
with chloride of lime, and rose-red with ammonia. It reduces 
ammoniacal solution of nitrate of silver. 

Phloroglucin is also very sweet-tasted, and resembles resorcin in 
many of its reactions, but is coloured reddish-violet with ferric 
chloride, and transient reddish-yellow with solution of chlorinated 
lime. The anhydrous crystals melt at 220**. 

PyrogdUol tastes bitter, is soluble in water, alcohol, and ether, 
melts at 115"*, reduces ferric to ferrous salts, colours the latter 
blue-black, and separates gold, silver, platinum and mercury from 
solutions of their salts. An alkaline solution exposed to the air 
rapidly assumes first a red, then a brown colour ; with lime-water 
it passes through a transient violet and purplish-red tint. 

Protocatechuic Acid has an acid reaction, is sparingly soluble in 
water, strikes no colour with pure ferrous, but yields a dark-green 
solution with pure ferric salts. With mixtures of both ferric and 
ferrous salts a violet tint is produced. The green liquid obtained 
by the action of ferric chloride is turned red by potash, and then 
assumes a violet tint on addition of hydrochloric acid. It reduces 
the metal from an ammoniacal silver solution, but is distinguished 
from the three foregoing substances by not reducing alkaline tar- 
trate of copper. With acetate of lead it yields a precipitate 

soluble in acetic acid. 

3—2 
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Paraam/henzoie Add melts at 210*", dissolves with difficulty in 
cold water, and gives, with ferric chloride, a yellow precipitate 
easily soluble in excesa 

For Ordn and Betaordn see § 158.^ 

§ 43. Dry DidiUcUion of Bedns. — ^It has already been mentioned 
in § 27 that the dry distillation of part of the resin may lead to 
useful results. Besides the tmbeUiferone mentioned in that 
section, pyrocaiechin (§ 151), pyrogaUoly etc., should be borne in 
mind. The first of these substances is fluorescent, and dissolves 
in boiling water, alcohol, and ether ; the second strikes a green 
colour with solutions of f erroso-ferric salts. 

§ 44. Exiimnaiwn of Partion Soluble in Alcohol — ^The remainder 
of the mixture of resins extracted .by ether — ^that is, the part 
soluble in alcohol — may be tested as directed in §§ 40 to 43. 
Add redns will be found here more frequently than in the 
portion insoluble in alcohol If the resin soluble in alcohol 
dissolves either partially or wholly in an aqueous solution of 
potash as well, the solution in the latter liquid may be shaken 
with ether to ascertain if any substance can be removed by that 
solvent It was by this means that I isolated pcsoniqfliwresdn 
from peony-seed (§ 147). ChrysopJiamc add and allied substances 
(§§ 148, 149) should also be tested for, as well as querdtrin^ 
quercetin (§ 152), and the bodies discussed in ^ 150 to 158. 

§ 45. Adds Produced hy Adion of Alkalies, — ^Attention must 
further be paid to the fact that the action of caustic alkalies on 
certain anhydrides nearly related to the resins — as, for instance, 
santonin — ^may result in the formation of alkali salts, which are 
not of necessity, on the addition of excess of acetic or hydrochloric 
acid, instantly decomposed with reproduction of insoluble anhy- 
dride. In the case of santonin, santonic acid is liberated on 
acidulating the alkaline aqueous solution. Any ordinary acid 
resin mixed with it may be removed by precipitation with hydro- 
chloric or acetic acid and immediate filtration. The santonin is 
deposited only after standing several days, but can be extracted 
at once by shaking with chloroform. A method that I have pro- 
posed for the estimation of santonin is based upon this fact» and 
will be described in § 154. 

§ 46. Direct Extradion wUh Ether. — ^A portion of the powdered 
material may, without further treatment, be extracted with ether, 

^ For ferulic acid compare Jahrb. f. Pharmacie, 1866, p. 95. 
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and the substances thus dissolved estimated. In the majority of 
cases the weight will be the same as the sum of the substances 
extracted by petroleum spirit according to § 9, and ether according 
to § 36. If there is a deficiency, the residue should be treated 
with petroleum spirit, in which case attention would be directed 
to a substance other than an ethereal or fixed oil. The residue 
after exhaustion with ether, and, if necessaiy, petroleum spirit^ 
may be dried and boiled with chloroform or bisulphide of carbon, 
to ascertain if such substances as caouichouc^ etc. can be extracted 
(§ 127). 
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IV. 

Examination of the Substances Soluble in Absolute , 

Alcohol. 

resins, tannins, bitter principles, alkaloids, 

glucoses, etc. 

§ 47. ExiradiorL — ^The residue of the substance under examina- 
tion after exhaustion with petroleum spirit and ether (cf. § 36) is 
removed from the filter, dried at the ordinary temperature, and 
treated with 10 cc. of absolute alcohol for every gram of original 
substance. After the lapse of five to seven days the alcohol lost 
by volatilization is replaced, and the whole well shaken. It is 
then filtered through the same filter that has been used for the 
previous operations, any evaporation of alcohol being prevented 
as carefully as possible. A measured quantity of the filtrate is 
next evaporated in a tared platinum dish and dried until the weight 
noted is constant It is then incinerated, and the ash deducted from 
the weight of the dry substance. After having thus estimated 
the toUU organic maUer insoluble in petroleum spirit and ether, 
but soluble in alcohol, the residue on the filter may be washed 
with absolute alcohol, and the washings, with the remainder of 
the filtrate, concentrated. This may best be done by distilling 
in a flask, under diminished pressure. The Hquid remaining 
after distillation is poured into a glass dish, and allowed to eva- 
porate, at the ordinary temperature, over sulphuric acid. 

§ 48. Estimation of Portion SoliMe in Water. — ^The dry residue 
thus obtained is first treated with a measured quantity of water. 
To ascertain the amount soluble in this menstruum, as well as in 
alcohol, a measured quantity of the solution is similarly evapo- 
rated, dried at 110*, and weighed. 

The remainder of the aqueous extract is reserved for the 
experiments detailed in §§ 49, 50, 70 ; that which is insoluble in 
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vater is treated with water containing a little ammonia (1 in 50) 
as long as anything is removed. The ammoniacal extract may be 
eraporated with a slight excess of acetic acid, the residue rinsed 
on to a filter with a little water, washed, dried, and weighed. 
The brownish mass thus left on the filter is, as a rule, to be 
r^arded as phlobaphene (§ 108; see also ^ 160, 163), re- 
salting from the decomposition of tannin. The portion of the 
a*][ueous extract insoluble in ammoniacal water may be again 
dried over sulphuric acid, and then subjected to similar treat- 
ment as the resin soluble in ether (cl ^ 39 to 45 ; 145, 146). If 
tiere is reason to suspect the presence of an alkaloid soluble in 
alcohol, but insoluble in ether, the residue, after treatment with 
ammoniacal water, may be digested with water containing a little 
silphuric acid. (For alkaloids see §§ 55, e^seg./ QS^etseq.; ni^eiseq,) 

EXAMINATION OF THE TANNIN. 

§ 49. Detedioru — If the aqueous solution obtained from the 
evaporation residue of the alcoholic extract is coloured blue-black 
by a f erroso-ferric salt and precipitated by gelatine, solution of 
acetate of lead is to be added in slight excess. The resulting pre- 
cipitate is immediately collected on a tared filter, washed with 
water (not too long, three or, four times, with 3 to 5 cc), dried, 
and weighed (§ 52, 1.). It is then removed from the filter, which 
is burnt in a porcelain crucible with a little nitrate of ammonia ; 
the precipitate itself is next incinerated, and the whole finally 
ignited in the blow-pipe flame until the weight is constant. This 
is then deducted from the weight of the precipitate, and the re- 
mainder noted as tannic acid, or bitter principle precipitated by 
oxide of lead, or vegetable acids precipitated by lead (§ 80). The 
filtrate from the lead precipitate is treated according to § 70. 

§ 50. Detedion continued. — ^The same treatment is repeated with 
a similar quantity of the watery extract obtained in § 48, substi- 
tuting acetate of copper for acetate of lead (§ 52, 11.). Here, 
too, the amount of oxide of copper in the precipitate is to be 
determined by following the same directions and deducted from 
the weight of the precipitate. If the estimation with the copper 
salt yields the same result as that with the lead, it is tolerably 
certain that only tannic acid has been precipitated. But if lead 
throws down more matter than copper we are generally justified 
in assuming that the former precipitates substances other than 
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tannin, such as other acids, or bitter principles, the amount of 
which may be approximately determined by deducting the weight 
of the organic matter contained in the copper precipitate fron 
that contained in the lead. Under these circumstances the weiglt 
of the organic substances precipitated by copper sometimes ib- 
presents approximately the tannin contained in the material 
(§§ 52, 80). It must, however, be admitted that the great diffe?- 
ence in the tannins occurring in nature prevents such a resat 
being looked for in every casa 

J^ § 51. Reactions. — The following reactions are common to aJ 
tannins : they are precipitated from aqueous solution by gelatini, 
by many albuminous substances, by acetate of lead and coppe?, 
stannous chloride, etc. ; they reduce, at least when warm, alkaliiB 
solution of copper as well as solutions of gold and silver salts; 
they strike an inky or dark-green colour with ferroso-ferric salfe 
and transform skin into leather. Some tannins are precipitatel 
by mineral acids, by tartar emetic and by alkaloids, but it ii 
frequently observable that an alkaloid and tannin which occur 
together in the same plant do not form an insoluble compound. 

For the microscopic detection of tannin the reaction with iron 
salts may be made use of. Cells containing tannin are moreover 
coloured reddish-brown with bichromate of potash, violet-red 
with aniline and reddish or violet with dilute solution of chloride 
of zinc and iodina (See note to § 249.) 

The great difference shown by the various tannins (§ 159 g^ seq,) 
makes it exceedingly difficult to give any general rules for their 
estimation. Some of my pupils^ have therefore at my instance 
tested the behaviour of the more important tannins to the re- 
agents that have been recommended for their quantitative estima- 
tion. Before I give a short rdsumS of the results they have 
obtained I should like to observe that, in my opinion, the estima- 
tion of the tannin in the alcoholic extract, prepared as I have 
described, is preferable to the determination in the aqueous ex- 
tract, provided of course that the material is very finely powdered, 
that the tannin is insoluble in ether free from alcohol, and that the 
alcoholic liquid has been evaporated under diminished pressure 

^ Compare Gunther, Pharxn. Zeitscbr. f. Rnssland, Jg. 1870, pp. 161, 193, 
225, and * Beitrage zur Kenntniss der in Sumach, Myrobalanen etc vorkom- 
menden Grerbsauren,' Diss. Dorpat, 1871, and other Dorpat diasertationB sub- 
sequently ref ened to. 
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and dried as directed in § 47. One advantage in employing 
alcohol to extract the tannin, as already recommended by Loewe, 
is the exclusion of the vegetable mucilage (so-called pectin) and 
similar substances which may under certain conditions introduce 
a veiy great error into the estimatioa Another reason in favour 
of the use of alcohol is to be found in the fact that, if the material 
contains a large quantity of albuminous matter, water will fre- 
quently only partially remove the tannin, and that many tannins 
are much more easily decomposed by evaporation in an aqueous 
than in an alcoholic solution. It may happen, it is true, that cold 
absolute alcohol will not in some cases extract the whole of the 
tannin from vegetable substances that are very rich in albumen,, 
but even in such cases I would prefer treating the residue, after 
extraction with ether, with boiling alcohol to exhausting it with 
water. (See also §§ 95, 162.) 

Special emphasis must, however, be laid on the importance of 
getting rid of the whole of the alcohol by distillation, if that men- 
struum has been employed, as almost all the following determina- 
tions of tannin are made in aqueous solution, and the admixture 
of even small quantities of alcohol might cause great error. 

§ 52. Let us now review the more important methods that 
have been recommended for the estimation of tannin. 

L Acetate of Lead. — ^Pribram^ has proposed precipitation with 
neutral acetate of lead If care be taken not to introduce toa 
great an excess of the precipitant, the precipitation of most 
tannins is tolerably complete, and it is only in the case of gallo- 
tannic acid, catechu-, kino-, and caffeo-tannic acid that part remains 
in solution on account of the slight solubility of the lead salt. 
But as the precipitates are not invariably of constant composition 
it is difficult to estimate the tannin by titration with lead solution. 
Some of the precipitates (tannic acids from oak- and willow-bark) 
are decomposed by prolonged washing with water, the tannic acid 
partly passing into solution and undergoing change. It was for 
these reasons that I have recommended the precipitation to be made 
in not over-dilute solutions, and directed that the washing should 
not be continued too long, and that the tannin should be deter- 

^ Zeitschr. f. anal. Chemie, v. 455 (1866). Compare also Jacobson, Chem. 
tecbn. Repert. 1866, ii. 85 ; Stein, Schweiz. polyt. Zeitschr. ii. 169 ; Gietl, 
Zeitsehr. f. anal. Ghemie, zL 144 (1872) ; and Sohmidt, Zeitschr. d. osterr. 
Apothekervereina, xii.p. 374 (1874) ; (Am. Joum. Fharm. 1874, 427). 
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mined from the organic matter in the dried precipitata In this 
way the tannin in rhatany, tormentilla, sumach, divi-divi, myro- 
balans, knopper-galls, oak-bark, and willow-bark may generally 
be satisfactorily estimated. Gallo-tannic acid at times also yields 
^od results. 

IL Acetate of Copper has been suggested by Sackur^ as a 
precipitant for tannin. The composition of j[the precipitate is, 
however, seldom constant even when working with the same 
tannic acid ; and here, too, it has proved advisable to precipitate 
in tolerably concentrated solutions, not to wash too long, and to 
estimate the tannin gravimetrically, as above described. 

III. Stanrums Chloride and Ammoniacal Stannous CKLoriie^ which 
have been recommended by Bisler-Beunat' and Persoz,^ for the 
estimation of tannin, precipitate most tannic acids less completely 
than the two foregoing reagents. The precipitates moreover form 
slowly, but are in the majority of cases tolerably constant in 
composition. On account of the solubility of the precipitate in 
water, the estimation will here, too, be most accurate when the 
washing is not continued too long, the precipitate dried, impreg- 
nated with nitrate of ammonia, ignited, and the resulting oxide 
of tin weighed. The loss by ignition gives the weight of the 
tannin. But since the advantage in obtaining precipitates of 
•constant composition cannot compensate for the deficiencies of the 
method already mentioned, I have not further thought of employ- 
ing the precipitation with stannous chloride for the purposes we 
have now in view. 

rv. Tartar EmeiiCf which has been recommended by Gerland* 
And KoUer^ for the volumetric estimation of tannin, will yield 

1 Gorberzeitiing, xxzi. 32. See also Wolff, Krit. Blatter f . Font und 
Jagdwissensch. xHv. 167 ; Fleck, Wagner's Jafaresber. f. techn. Ghem. Jg. 
1860, p. 581 ; HaUwachs, Zeitschr. f. anal. Chem. v. 234 (1866). 

3 Zeitschr. f. anal. Chem. ii. 287 (1863). 

> Traits de rimpression des Tissiis, i. 282. The results obtained by the 
method recommended by Peraoz, in which the amount of tannin is calculated 
from the volmne of the precipitate, are, according to Gauhe (Zeitschr. f . anal. 
Chem. iii. 130, 1864) and Gech (Stud, liber quant. Best, der Gerbsauren, In- 
augural Dissertation, Heidelberg, 1867), too high. I avail myself of this 
opportunity to draw attention to the works of the two last-named authors, 
which are intended as a critical review of the more important methods of 
estimating tannic acid. (See Procter, Pharm. Joum. Trans. [3], vii. 1020 ; 
Allen, Commercial Organic Analysis, London, 1879.) 

* N. Jahrb. f. Pharm. xxvi. 20 (1866) ; (Amer. Joum. Pharm. xxxv. 519). 

° Koller employed this method in estimating the tannic acid in orange-peel 
<N. Jahrb. f. Pharm. xxv. 206, 1866). 
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satisfactory results in some few cases only, because, even if the 
solution be mixed with chloride of ammonium, it is difficult to 
ascertain when a sufficient quantity of the reagent has been 
added, and because some of the tannin precipitates so produced 
axe rapidly decomposed. Some tannins (rheo-tannic acid) are not 
precipitated at all by tartar emetic. 

v. Ammcniacai Solution of Aceiaie of Zinc — This reagent 
should, according to Terrell,^ Carpen^,^ and Barbieri,^ be used 
in the following manner for the estimation of tannic acid. The 
liquid to be precipitated is brought to the boiling-point, an excess 
of the zinc solution added, and, after concentration by evapora- 
tion, the mixture is cooled and filtered. The precipitate is then 
dissolved in sulphuric acid, and the tannin estimated by titration 
with permanganate of potassium. I must admit that some tannic 
acids may be determined in this manner, but I must also draw 
attention to the fact that all tannins occurring in vegetable 
substances do not exercise the same influence on permanganate of 
potassium ; that is, one tannic acid may differ from another in 
the amount of permanganate a given quantity can decolourize, 
and this value of the tannin in terms of permanganate must in 
many cases be first determined. It is partly on this account that 
the estimations of the tannin in wine, made according to this 
method, are of but little value. 

VI. Ferric Acetate, in conjunction with acetate of soda, has been 
used by Handtke^ for the estimation of tannic acid in oak-bark, 
valona, divi-divi, sumach and catechu. He found the reagent un- 
suited for the precipitation of the tannin present in Rheum, various 
species of Filex, coffee and other plants ; and even with the first- 
named substances it was only when the concentration was such 
that the precipitate contained 45*8 per cent of oxide of iron that 
the estimation yielded satisfactory results. 

Still less feasible is Wildenstein's^ colorimetric examination, 
which is based upon the intensity of the colour produced by the 
solution on paper impregnated with ferric citrate. 

Vn. Titration wUh Permanganate of Potassium,. — Monier,* Cech,^ 

1 Zeitschr. f. anal. Chem. xiii. 243 (1874). 

« Ibid. XV. 112 (1876). 

» Ibid. xvi. 123 (1877). See also Kathreiner, ibid, xviii. 113 (1879). 

* Joum. f. pr. Chem. IxxxL 345. 

» Zeitschr. f. anal. Chemie, ii. 137 (1863). 

• Compt. rend. xlvi. 447. ' Loc. cit 



44 SUBSTANCES SOLUBLE IN ALCOHOL. 

Lowenthaly^ and others, have Bhown that the tannin contained in 
many vegetable substances may be estimated with sufficient 
accuracy for technical purposes by titrating with solution of per- 
manganate of potassium. In dealing with vegetable infusions, 
however, almost all authors agree that if a satisfactory result is to 
be obtained the solution to be titrated must be very dilute (about 
1 in 400), and the oxidation incompleta Lowenthal and others 
have found the following to be the most advantageous method of 
procedure. The liquid under examination is mixed with a measured 
quantity of solution of indigo-carmine, the value of which, in terms 
of permanganate, has been previously determined. The perman- 
ganate solution is then run in till the blue colour changes to green. 
The value of the pure tannin in terms of the reagent must have 
been previously determined by experiments with weighed quanti- 
ties of the sam& By such experiments Giinther ascertained that 
16 parts of oxygen from the permanganate oxidized 32*5 parts 
of gallo-tannic acid, 33*0 of sumach-tannic acid, 25*0 (5*54) of 
catechu-tannic acid, 24*0 (5*32) of catechuic acid,^ 28*0 of kino- 
tannic acid, 34 to 37 of rhataniartannic acid, 35 of tormentilla- 
tannic acid, 34 of caffeo-tannic acid, and 32 of oak-bark-tannic acid. 
Neugebauer' estimated the tannic acid in oak-barks with per- 
manganate by taking advantage of the power possessed by animal 
charcoal of absorbing tannic acid, and thus removing it completely 
from its aqueous solution. He divided the infusion to be ex- 
amined in two equal parts. The one was titrated direct with 
permanganate, the other after the absorption of the tannic acid 
by animal charcoal The amount of tannin present was then 
calculated from the difference, the assumption being made that 
the substances which acted upon permanganate in the liquid after 
treatment with animal charcoal were foreign bodies. Lowenthal (see 
below) titrates a part of the tannin solution direct, another part 
after precipitation with solution of gelatine (XIL). From the differ- 
ence in the quantity of permanganate used the tannin is calculated. 

^ JoTim. f. pr. Chem. Ixxxi. 150. 

' Owing to a mistake in the calculations, the figures here given for catechu- 
tannic acid and catechuic acid are much too high. The correct numbers are 
placed in brackets after them. Lehmann, in checking the experiments (Vex^L 
Unters. einiger Catechu- und Gambier-Proben. Diss. Dorpat, 1880), found 
that 16 '0 parts of oxygen were equivalent to 5*14 parts of catechu-tannic acid 
and 4*84 catechin. 

* Zeitschr. f. anal. Chem. x. 1 (1871). 
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If a solution contain both gallic and tannic acid, or catechin 
and catechu-tannic acid, both may be approximately estimated 
by Lowenthal's method. (See also § 164, e^ seq.) The addition 
of gelatine as directed by him introduces only a slight source of 
error, which may be generally neglected. 

VUX Chlorinated Lime. — ^Lowenthal^ has titrated with chlori- 
nated lime in the presence of indigo carmine in the same way as 
with permanganate of potassium, but the estimations generally 
yield too high results in consequence of the impurities present 

Cech^ has already expressed an unfavourable opinion of the 
propositions of Commaille^ and Millon^ to make the separation 
of iodine from iodic add by tannin the basis of a method for its 
quantitative estimation. The decolourization of a solution of 
iodine by tannic acid in the presence of carbonate of soda has 
been recommended by Jean^ for the quantitative estimation of 
tannin. He states that 1 part of gallo-tannic acid decolourizes 
4 parts of iodine, and reserves to himself the determination of 
the value of other tannins in terms of iodine. He admits that 
gaUic acid also acts upon iodine, and advises, when both are pre- 
sent, first to make a total estimation, and then determine the 
gallic acid alone in a second portion of the liquid, after the tannic 
acid has been removed by gelatine or hide. The solution of 
tannic acid for standardizing should contain 1 part in 1,000 of 
water. Before titrating, 2 cc. of a 25 per cent solution of cryst. 
carbonate of soda should be added for every 10 cc. of tannic acid 
solution. It must be observed that here, too, many organic com- 
pounds would act in a similar manner to tannin. 

IX. Oxidation. — For the estimation of tannin Mittenzwey^ has 
availed himself of the fact that an alkaline solution of tannic acid 
rapidly absorbs oxygen from the air. In the analysis of plants this 
method will seldom be of any value. Cech has already shown that 
it yields unsatisf actoiy results with the tannins usually employed. 

X. Titration with Cinchonine. — ^Wagner ^ has proposed titration 
with sulphate of cinchonine, using acetate of rosaniline as an 

1 Loc. cU. > Loc. cU. * Compt. rend. lis. 599 (1864). 

^ Annales de Chimie et de Phys. [3], xii. 26. 

B Zeitschr. f. anal. Chem. xvi. 123 (1877). 

* Joom. f. pr. Ghemie, xci. 81, and Zeitschr. f. anal. Chemie, iii 484 (1864). 
See also Terreil, Zeitschrift des osterr. Apothekervereins, Jg. xii. 377 (1874). 

7 Zeitschr. f. anaL Chem. v. 1 (1866). See also Salzer, ibid. vii. 70 (1868) ; 
Buchner, ibid. 139 ; Clark, Amer. Joum. Pharm. xlviii. 558 (1876). 
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indicator. But the majority of those who have worked the process 
have failed to obtain good results. Almost all of them have found 
that the assumption that rosaniline would not colour the liquid tmtil 
all the tannin had been precipitated by the cinchonine, waa true 
of certain tannins only, and not of alL It has been shown that, 
with some tannins, the appearance of a red tinge in the solution^ 
which is said to indicate the end of the reaction, may be noticed 
long before all the tannic acid has been precipitated. In many 
cases better results might be obtained with cinchonine if the 
tannic acid were precipitated by an excess, the liquid filtered and 
the excess of cinchonine in the filtrate determined by titration 
with potassio-mercuric iodide. This method has been adopted 
by Clark in estimating the tannic acid in tea. (See § 65.) 

XI. Gelatine and Hide. — The behaviour of gelatine and hide 
to tannic acid is often made use of in the estimation of 
tannin. The estimation may be made either by determining 
the increase in weight of a piece of hide, previously freed from 
substances soluble in water and petroleum spirit by digestion in 
those solvents, when allowed to lie for some time in the solution 
of tannin, or by ascertaining the specific gravity of the solution 
before and after the absorption of the tannic acid, and calculating 
the amount from the difiference. Hammer^ has constructed a 
table for gallo-tannic acid, from which the amount of tannin can 
be directly read off. If this method of estimation is to be adopted, 
a similar table would have to be constructed for other important 
tannic acids, showing the relation between the difference in specific 
gravity and the amount of tannin present 

XIL Gelatine : Gravimetric Process. — Precipitation of the tannin 
by gelatine, and calculation of the amount present from the weight 
of the precipitate, has also been tried. But the disadvantages 
which present themselves here are that these precipitates are 
neither sufficiently insoluble nor constant enough in composition 
to allow of their being made the basis of a gravimetric estimation ; 
especially in washing the precipitate with pure water, considerable 
quantities of tannic acid are removed. 

It is, therefore, most advantageous to apply the precipitation 

^ Joum. f. pract. Chem. clzzxi. 159. See aLso Lowe, Zeitschr. f. anal. 
Ohem. iv. 365 (1865), and Hallwachs and Cech {loc. dt.). Davy has already 
estimated tannic acid gravimetrically by employing hide (Chem. News, 1863> 
p. 54, and Zeitscbr. f. anal. Chem. IL 419). 
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with gelatine in the following manner : A solution of that sub- 
stance — ^the value of which, in terms of the tannic acid to be esti- 
mated, has been previously ascertained — is run into the solution 
in which tannin is to be determined as long as precipitation 
occurs. The gelatine solution should be mixed with some salt, 
diminishing the solubility of the tannate of gelatina For the 
latter purpose the addition of alum has been recommended 
(Mtiller^). The proposal of Schulze^ to use chloride of ammonium, 
or of Lowenthal to add common salt and ^ voL of hydrochloric 
acid (specific gravity 1*12), appears better. A solution of gallo- 
tannic acid may be saturated with these salts ; but in the case 
of other tannins (from oak, willow, and elm bark) a. smaller 
quantity might be preferable. If Lowenthal's modification be 
adopted, it is advisable to stir the liquid vigorously for five 
minutes after each addition of the gelatine solution. It has 
already been determined by Giinther that the various tannins 
differ in the amount of gelatine they are capable of precipitating. 
He found that )00 parts of gelatine precipitate, in the presence 
of chloride of ammonium, 77 parts of gallo-tannic acid (according 
to Johanson 120 parts of dry tannic acid), 132 (Lehmann, 139) of 
catechu-, 130 kino-, 130 to 132 rhatania-, 130 oak-bark-, and 168 
of tormentiUa-tannic acid. As is well-known, gallic and catechuic 
adds do not precipitate gelatine. 

§ 53. GdUic and Catechuic Acids, — ^If one of these two substances 
is to be looked for, the tannic acids should be first precipitated by 
gelatine, the excess of gelatine by alcohol ; and after the alcohol 
has been removed by distillation under diminished pressure, gallic 
or catechuic acid may be isolated by shaking with ether or acetic 
ether. If care has been taken to avoid using a large excess of 
gelatine, the treatment with alcohol might be omitted ; and in 
many cases it would be possible to agitate even the aqueous solu- 

' Aichiv d. Pharm. zzxviii. 147 (1845). Ganhe did not succeed in his en- 
deavoTir to find an indicator (iodide of starch) to show the final reaction in 
titrating. Compare Zeitschr. f. anal. Ghem. v^ 232 (1866). Neither was 
Cech qoite satisfied with an iron solution used for the same puipose. See also 
HaUwachs {loc dt.). 

^ Zeitschr. f. aniL Chem. v. 455 (1866). Compare also Salzer, ibid. vii. 70 
(1868), and Johanson, ' Beitr. z. Chemie der Eichen, Weiden, und Ulmenrinde,* 
Diss. Dorpat, 1875, pp. 72, 76. Also Lehmann {loc, cU.). A more recent 
critical review of the more important methods for estimating tannic acid by 
Lowenthal will be found in the Zeitschr. f. anaL Chemie, zvi. 33, and 201 
(1877), and xx. 91 (1881). 
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tion (§ 48) directly with ether, renewing the solvent four or five 
times. On evaporating the ethereal solution, both gallic and 
catechnic acids remain behind in a crystalline form, generally 
needles felted together. (Of. §§ 151, 165.) 

The weight of the dried residue frequently indicates with 
tolerable accuracy the quantity of the substance present ; but if 
the residue be mixed with much colouring or amorphous matter, 
so as to cause some hesitation in accepting the weight as correct, 
the result obtained may be verified by titration with permanganate 
of potash. (See abova) If the material has been extracted with 
ether previous to treating with alcohol, gallic and catechuic acids 
will be found in the aqueous solution from the ethereal extract 
<Cf. ^ 38, 161.) 

For the free vegetable acids which may occur in the alcoholic 
extract see § 82. (See also in § 159.) 

EXAMINATION FOR GLUCOSIDES, BITTER PRINCIPLES, 

ALKALOIDS, ETC. 

§ 54. Extraction by Agitaium. — If no tannic acid or allied sub- 
stance has been found in the aqueous liquid (§ 48), but by the 
bitter taste or other properties the presence of a bitter principle, 
glucoside or alkaloid insoluble in ether but soluble in water is 
suspected, the watery solution prepared from the evaporation 
residue of the alcoholic tincture may be subjected to consecutive 
treatment with various liquids which, being themselves insoluble 
in water, are adapted for removal of substances in solution by 
agitation and separation. The aqueous solution from the ethereal 
extract (§ 38) may also be treated in a similar manner. The use of 
petroleum spirit, benzene, and chloroform may be especially recom- 
mended for this purpose ; they should be employed in the order 
in which they are named, and the liquid should be rendered first 
slightly acid with sulphuric acid, and subsequently alkaline with 
ammonia; I have spoken at length on this subject in my <£rmit- 
telung der Gifte.'^ After each agitation, the solvent should be 
separated, washed once by shaking with pure water, again 
separated, evaporated to dr3mess, and the residue examined. If a 
solvent, as for instance petroleum spirit, removes any appreciable 
quantity of a substance, the agitation with this liquid should be 

^ P. 119. Compare also Rtus. Archiv fiir gerichtl. Med. J. i. tind Pharm. 
Zeitschr. f. Rnssland, v. 85 ; vi. 668. 
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repeated until only traces of the substance are dissolved. Then, 
and not till then, the same treatment is repeated with the next 
solvent^ and so on. All liquids employed for agitation must be 
rectified shortly before being used. Petroleum spirit must be 
as volatile as possible; benzene should boil constantly at 81^ C, 
xtnd yield nitro-benzene when treated with fuming nitric acid. 

§ 55. From Acid Soltdum. — Of the better-known bitter prin- 
ciples, acids^and alkaloids removed by petroleum spirit from an acid 
solution, the following may be mentioned : 

Salicylic acid (cf. § 26). Pungent principles of capsicum, etc. 
(§ 126). (Both of these would have been already detected in 
the ethereal extract ^ Salicylic acid may be more easily removed 
by benzene or ether.) Pipei'in — the majority of this principle 
will be found in the part of the alcoholic extract insoluble in 
water (compare further ^ 171, 178). Absynthin cannot be 
completely removed by petroleum spirit (§ 156). Hop-resin 
<§ 156). 

Benzene removes from the same solution santonin (cf. § 154); 
<4iryophyllin (§ 156) ; cubebin (§ 155) ; digitalin (remains principally 
in that part of the ethereal extract which is insoluble in water 
(ct § 155); gratiolin (§ 167); cascarUlin (§ 156); elaterin (§ 156); 
popvlin (§ 167); colocynthin (§ 167); absynthin (§ 156); guassin 
(§ 156); menyaiithin (§ 167); ericolin (§ 155); daphnin (§ 167); 
hitter principle of Cnicus benedictus (§ 168); caffeine (^ 171, 176); 
j>iperin (see above); colchiceine g 171); berberine is dissolved by 
benzene in small proportion only (compare § 171). 

Besides the substances already named as being dissolved by 
petroleum spirit and benzene, chloroform removes also among 
others: Benzoic add (cf. § 26); digitalein (sparingly soluble in 
ether, § 155); convallamarin (§ 167); saponin (insoluble in ether, 
difficultly soluble in absolute alcohol, § 77 et seq,, 167); senegin 
<the same); physalin (§ 167); syringin (§ 167); cescidin (§ 167); 
jpkrotoxin (§ 155); helleborein (§ 167); cinchonine (is insoluble 
in ether, g§ 171, 182, 184); theobromine (§ 177); papaverine 
(§ 171); narce'ine (§ 171). Colchicine, solanidine, giiebrachine^ 
geissospermine, 

§ 56. From Alkaline Solution. — After the last agitation with 
chloroform the aqueous liquid should be shaken whilst still acid 
with petroleum spirit. This removes the small quantity of 
chloroform remaining dissolved by the watery liquid. An error 
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might be made in omitting this treatment, since on rendering 
alkaline and shaking with petroleum spirit this solvent would 
take up a little chloroform and would consequently be no longer 
pure. After, therefore, the remainder of the chloroform has been 
removed by petroleum spirit, the liquid may be made alkaline 
with ammonia, and the agitation with the same solvents repeated 
in the same order. In addition to these three liquids I have, 
however, after agitation with chloroform, employed amylic alcohol 
for detecting certain poisons. It removes morphine, solaninc^ 
(§ 171), salicine (§ 167), and some other substances from their 
aqueous solutions with special facility. 

It is principally alkaloids that are removed by petroleum spirit, 
etc., from ammoniacal solution. Petroleum spirit dissolves, for 
instance, traces of stiijchnine^ brucine, emetine, reraline, sabadilline, 
and sabatrine. All these substances are, however, more easily and 
completely taken up by benzene and chlorofoiin. 

But petroleum spirit is specially valuable in the examination 
for the so-called volatile and, at ordinary temperatures, liquid 
alkaloids, such as coniine, methylconiine (and conliydrine), nico- 
iiTie, lobeliine, sparteine, alkaloids in pimento, capsicum and 
Sairacenia purpurea. Aniline, trimethylamine, and allied sub- 
stances are also dissolved by it (^ 171, 239). In examining for 
volatile alkaloids I have advised agitation of the aqueous liquid 
with petroleum spirit, and evaporation of the solvent, after sepa- 
ration, at a temperature of about 20°, on glass dishes previously 
moistened with strong hydrochloric acid, on which the hydro- 
chlorides of the alkaloids will partly, at all events, remain 
behind. A freshly-prepared dilute solution of hydrochloric acid 
gas in ether may be advantageously substituted for the usual 
aqueous acid. 

Benzene removes from ammoniacal solution, in addition to the 
alkaloids' already mentioned, atropine, hyoscyamine, physostigmine, 
pilocarpine, gelsemine, iaxine, guinidine, narcotine, codeine, thebaine, 
delphinine and delphinoidine, aconitine, aspidospermine, pereirine, and 
a trace of cinchonine. (Cf. § 171.) 

In addition to these, again, chlrn'ofo^m dissolves from ammoniacal 
solution cinchonine, papaverine, narceine, nupharine, the alkaloids of 
celandine, and small quantities of morphine (§ 171). 

§ 57. Direct Tests for Glucosides, Alkaloids, etc, — The number of 
acids, glucosides and alkaloids (cf. § 21) that may be isolated by 
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this method of agitation is doubtless yery large, and by maldng 
the required experiments the list given in the preceding section 
might be rendered far more complete. It is this very fact 
that renders the method so suitable for the qualitative exami- 
nation of those plants and parts of plants the constituents 
of which are at present unknown. Of course, it is possible to 
employ infusions which have been prepared by digesting tho 
material under examination with water on the water-bath, instead 
of aqueous solutions from the ethereal or alcoholic extracts. This 
would especially be the case if acids, bitter principles and gluco- 
sides are to be looked for. Alkaloids may likewise be tested for 
by digesting the material with water acidulated with sulphuric 
acid (1 in 50). In both cases, however, it must be remembered 
that by thus directly extracting the substance with aqueous liquids 
many bodies, such as mucilage, etc., are dissolved, and that this 
is avoided by treating them according to the method first de- 
scribed. The presence of such substances is disadvantageous, 
inasmuch as they sometimes render the extraction of a principle 
from aqueous solution by the method of agitation more difficult, 
and always act injuriously in rendering the separation of the two 
liquids after shaking almost impossible. It is therefore advisable 
to remove all matter tending to increase the viscosity of the 
aqueous infusion by concentrating to a syrupy consistence (if 
necessary, after having previously nearly neutralized with ammonia 
or magnesia), precipitating with about three volumes of spirit, 
filtering after standing twelve to twenty-four hours in a cold place, 
and distilling off the alcohoL 

§ 58. Alkaloids^ etc,, not Removable by Agitaiion, — Some bitter 
principles, glucosides and alkaloids cannot, however, be removed 
from solution by agitation, either because they have less tendency 
to pass into any other known liquid than to remain in aqueous 
solution, or because they are insohible in water. The latter is 
the case, for instance, with the glucosidal resins which occur in 
the convolvulacese. Sach substances are generally isolated with 
the resins. (Gf. § 153.) 

The purification of bitter principles and glucosides that are 
soluble in water, but cannot be removed by shaking, may be 
effected by evaporating the aqueous solutions prepared from the 
ethereal or alcoholic extracts, and repeatedly dissolving the sub- 
stance in chloroform, alcohol, or ether. It will be found easier to 
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purifyabitter principle dissolved by water from the ethereal extract, 
than one obtained in a similar manner from the alcoholic extract, 
since the latter contains glucoses and tannins, which are insoluble 
in ether. Apart from the treatment with chloroform and other 
solvents which I have just described, another method of purifica- 
tion may in this case be adopted — y\z.y evaporation of the aqueous 
solution, extraction with the smallest possible quantity of absolute 
alcohol, and precipitation of sugar, etc. with etheiC 

§ 59. SeparcUian of Tannin, — ^Tannic acid, when present in solu- 
tion, together with bitter principles, etc., may frequently be 
removed by digesting the aqueous infusion with oxide or hydrate 
of lead. If salicine (cf. § 167), for instance, is to be separated 
from tannin, the aqueous infusion may be mixed with oxide of 
lead, evaporated to dryness on the water-bath and extracted with 
alcohol. Basic acetate of lead may also be occasionally used, when 
a bitter principle is to be separated from tannin, vegetable acids, 
albuminous matter and the like. Of course, it must have been 
previously ascertained that the bitter principle in question is not 
precipitated by lead; should that be the case, it may sometimes be 
isolated by decomposing the lead compound with sulphuretted 
hydrogen. By combining a bitter principle with lead a separa- 
tion may sometimes be effected from sugar, etc. This method is, 
however, inapplicable if tannic acid be present, when it will often 
be found advisable to precipitate vegetable acids, tannin, etc., by 
neutral acetate of lead before throwing down the bitter principle, 
etc., with the basic salt (§§ 51, 162). 

§ 60. Separation of Lead Precipitate. — If such compounds of lead 
with bitter principles, glucosides, etc., are to be washed with 
water, it is very advisable to effect this as rapidly as possible by 
decantation. Such precipitates often block a filter, or form, by 
contraction, channels through which the wash-water runs off with- 
out penetrating the precipitate. If the use of a filter is neces- 
sary, repeated suspension in water and filtration is advisable. 
The washing of such precipitates should not be continued too 
long, as they usually undergo decomposition during the process 
and yield the bitter principle to the wash-water. The presence 
of carbonic acid in the water used for washing is specially to be 
avoided. 

Decomposition, — The decomposition of these precipitates is 
usually effected by sulphuretted hydrogen, which, however, does 
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not act well if the lead compound has been previously dried. It 
is a well-known fact that^ in the course of this operation, the 
bitter principle may be mechanically retained by the sulphide 
of lead formed. To avoid loss in this way the sulphide may be 
filtered off, washed, dried, powdered, and boiled with alcohoL 
In evaporating the alcoholic extract care should be taken not to 
confound crystals of sulphur with the bitter principle, etc. It 
will often be found advantageous to decompose the lead precipi- 
tate in alcohol instead of water. The surface-attraction of the 
sul^^de of lead will, nevertheless, be frequently found useful 
in retaining foreign bodies, such as colouring matter and the 
Iike» whilst bitter principles, etc., pass into solution. 

The directions given for the decomposition of the lead precipi- 
tates may also be followed in isolating tannic and vegetable acids 
from such compounds. (See also § 162.) 

§ 61. Glttcosides; BecognUion. — In proving the glucosidal nature 
of a substance advantage may be taken of the influence exercised 
by ferments (saliva, emulsin, myrosin), etc., or dilute acids (accom- 
panied by heat) on glucosides, which, under such circumstances, 
split up and yield sugar as one of the products of decomposition. 
It is advisable to ascertain whether the substance itself, in as pure 
a state as possible, reduces an alkaline solution of copper, either 
at the ordinary temperature or on boiling. If no reduction takes 
place the further examination for glucose is much facilitated. It is 
customary to boil the substance under examination with water 
containing 1 to 2 per cent, of sulphuric or hydrochloric acid, and 
test the liquid for sugar from time to time. The rapidity with 
which decomposition may be thus effected varies very greatly. 
Some glucosides yield a sugar reaction after boiling for a few 
minutes only ; others require several hours. In some cases it is 
preferable to allow the acid to act under pressure, or in alcoholic 
instead of aqueous solution. (Cf. §§ 153, 160.) 

The decomposition-products which are formed, together with 
glucose, from glucosides, are not unfrequently insoluble in water, 
and therefore render the liquid turbid in proportion as the re- 
action proceeds. This peculiarity may be often made use of as 
proof that decomposition has commenced, especially in those 
cases in which the glucoside itself reduces Fehling's copper solu- 
tion After the completion of the reaction and the cooling of the 
liquid, the decomposition-product may be filtered off and further 
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examined. If, on the other hand, this substance be soluble in 
water, its isolation may be attempted by the method of agitation. 

An experiment should also be made to ascertain the action of 
the glucose thus produced on a ray of polarized light, as well as 
its behaviour with yeast — that is, its capability or incapability of 
entering into fermentation. For this purpose it is best to decom- 
pose the glucoside with sulphuric acid, which may be subsequently 
removed by carbonate of barium. The filtrate from the sulphate 
of barium, which should be faintly acid in reaction, should be 
mixed with a little yeast, introduced into a eudiometer over 
mercury, and observation made whether, under these circum- 
stances, carbonic-acid gas is evolved. Many glucosides yield, 
besides glucose, products of decomposition which are antagonistic 
to alcoholic fermentation ; these are, if possible, to be removed. 

This fermentation experiment will have a particular value in all 
cases in which the gliicoside itself reduces alkaline copper solution. 
Proof of the glucosidal nature of the substance may then be 
found in the experiment yielding a negative result before, but a 
positive one after, the action of the dilute acid, especially if the 
substance be soluble in ether or cold absolute alcohol Saccharoses 
and other carbohydrates, which would yield similar results, are 
thus excluded, they being insoluble in the liquids named. 

It is hardly necessary for me to point out the desirability of 
estimating, by means of Fehling's copper solution, the sugar pro- 
duced by the decomposition of a glucoside. (Cf. § 83, et seq.; 
§ 200, et seq,) 

Some bodies which are usually treated of with the glucosides 
yield, when acted upon by acids, not glucose, but substances allied 
to sugar or mannite, which, like isodulcite, are unfermentable. 
(Cf. § 212.) 

§ 62. Svlphmic Add Grovp-readion. — Many glucosides are capable 
of acting like sugar when mixed with bile and sulphuric acid — 
that is, of producing a red colour. This reaction has been described 
as to a certain extent characteristic of the whole group of gluco- 
sides ; but it should be remarked that among them there are many 
which are reddened by sulphuric acid alone, whilst some cannot 
replace sugar in the test for bile ; and others, when mixed with 
sulphuric acid, assume such characteristic colours that the bile 
reaction is quite undistinguishable. 

For further information concerning glucosides, compare § 165, 
el seq. 
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§ 63. Isolation of Alkaloids, etc, not Removable by Agitation, — As 
stated in § 58, there are some alkaloids which, for the reasons 
there given, cannot be isolated by the method of agitation. To 
separate these in a state of purity the extracts prepared according 
to § 57 should be exhausted as far as possible .by shaking with 
petroleum spirit, etc., and then evaporated to dryness. The dry 
residue should be finely powdered (if necessary, with the addition 
of washed sand or siliceous earth) and treated with alcohol, ether, 
chloroform, etc. The exhaustion, however, with these solvents 
will be incomplete if the residue be not reduced to a very fine 
powder. (See also ^ 65, 66.) 

Detection by Group-reagents, — ^Before proceeding to this extrac- 
tion it may appear desirable to ascertain whether an alkaloid is 
present at alL To that end the liquid obtained in § 57, containing 
sulphuric acid but no alcohol, may be tested for alkaloids by 
precipitants which have been introduced as group-reagents for 
that class of substances. The following may be especially recom- 
mended : 

Tri-iodide of potassium — that is, an aqueous solution of iodine 
in iodide of potassium — gives, with aqueous solutions of most 
alkaloids, amorphous precipitates of a dark-brown or kermes- 
mineral colour, and is one of the most delicate reagents. An 
alcoholic solution of an alkaloid frequently remains clear on the 
addition of the tri-iodide ; or if a precipitate is formed, it differs 
in properties from that produced in aqueous solutions. For 
example, berberine and narceine would under these conditions 
yield crystalline precipitates. 

TrUnomide of potassium, prepared in a similar manner, also pre- 
cipitates some of the alkaloids from very dilute solutions, but, in 
addition, forms yellowish compounds with phenol, orcin, and 
many allied bodies (§ 158). 

Potassvo-mercuric iodide, obtained by decomposing mercuric 
chloride with an excess of iodide of potassium, yields with 
most alkaloids, white, flocculent precipitates, which sometimes 
gradually assume a crystalline character. (See also § 65.) The 
presence of free acid may sometimes cause a difference in the 
2)recipitate obtained from one and the same alkaloid. 

Potassuhbismutkic iodide, prepared by dissolving iodide of bis- 
muth and iodide of potassium in water, yields, even in highly 
dilute solutions, precipitates which are very sparingly soluble, 
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and resemble orange sulphide of antimony in colour. It should 
not, however, be forgotten that albuminous and other similar 
substances are also precipitated by this reagent (Gf. § 232.) 

Potasftio-cadmic iodide^ obtained in analogous manner from iodide 
of cadmium, gives white precipitates, which, like those yielded 
by potassio-mercuric iodide, sometimes become crystalline. They 
are mostly rather more soluble than those produced with the 
latter reagent 

Phospho-violyhdk add (a solution of the sodium salt in nitric 
acid) yields with most alkaloids yellowish precipitates, which are 
in certain instances rapidly reduced, and assume a bluish or 
greenish colour. Ammoniacal salts and less complex amide- 
compounds are also precipitated by this reagent 

Metaiungstic add gives similar precipitates (§ 177). 

Chloride of gdd yields yellowish precipitates with very dilute 
solutions of many alkaloids. Sometimes a rapid reduction takes 
place, and the yellowish colour changes to a reddish-brown, the 
liquid itself occasionally assuming at the same time an intense 
reddish tint (§ 186). I consider this reagent especially valuable 
for our purpose, as ammoniacal salts and the less complex amides 
are not precipitated by it 

Ferchloride of platinum forms brownish-yellow precipitates with 
most alkaloids (not all), but is less valuable than chloride of gold, 
because the precipitates are mostly more soluble, and because it 
forms sparingly soluble compounds with ammonium and potassium 
salts, etc. The precipitates obtained with this reagent also some- 
times show a disposition to decompose. 

Mercuric chloride. — The white precipitates which this salt yields 
with alkaloids are not very sparingly soluble, but it possesses 
some value, as it does not precipitate ammoniacal salts, etc. The 
same is the case with 

Ficric acid, which gives yellowish precipitates. 

Tannic add, the compounds with which are usually of a greyish- 
yellow or greyish-brown tint, and 

Bichromaie of potash, which yields yellowish and occasionally 
crystalline salts. ^ 

^ For gronp-reagents for alkaloids see farther in my Ermittelung von 
Giften, 2nd edition, 123 ; also Selmi, Jahresb. f. Pbarm. 1874, 480 ; 1875» 
841 ; 1876, 628 (Year-book Pbarm. 1876, 110). For behavionr of cinchona- 
alkaloids to sulphocyanide of potassium compare Schrage, Arch. d. Pharm. 
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To confirm the presence of an alkaloid, advantage may also be 
taken of the fact that they all contain nitrogen, and, therefore, 
yield Prussian blue with Lassaigne's test (heating with metallic 
sodium, etc). This test will be specially valuable if another 
peculiarity of most, but not all, alkaloids — viz., the alkaline 
reaction towards litmus and capability of forming salts — be not 
well defined (colchicine), or if a compound be obtained which 
must be referred to the group of amido-acids (colchicine) or 
glucosidal alkaloids (solanine). It must not^ however, be for- 
gotten that some of the glucosides already mentioned contietin 
nitrogen (§ 167). For tables of the colour-reactions characteristic 
of many alkaloids see § 171. 

§ 64. Alkaloids not Isolated by the Method of AgUaium; Punficor 
tion. — In cases in which an alkaloid is present that cannot be 
separated in this way or purified as recommended in § 63, the 
following method may be tried. The alkaloid is precipitated by 
potassio-mercuric iodide from its solution in water acidulated with 
dilute sulphuric acid, the precipitate filtered off, washed, sus- 
pended in water and decomposed by sulphuretted hydrogen. On 
filtering off the sulphide of mercury, a solution of the hydriodate 
of the alkaloid together with free hydriodic acid is obtained. Sul- 
phate of silver is then added as long as it causes a precipitate, aQd 
the iodide of silver filtered off. After removing the sulphuric acid 
by addition of caustic baryta and filtration, a solution of the 
alkaloid may be obtained by freeing the filtrate from excess of 
baryta by carbonic-acid gas. The last separation of baryta, 
however, is not always quite complete. It might be better there- 
fore in many cases to remove the sulphuric acid by carbonate 
instead of hydrate of barium. The former, moreover, would be 
less likely to decompose the alkaloid. 

In following this method, inconvenience is occasionally experi- 
enced in filtering off the sulphide of mercury, which sometimes 
separates in a very finely-divided state. To obtain a clear filtrate, 

cbadv, 148; [3], v. 604; xui. 25; Hesae, ibid. xii. 313 ; * xiii. 481; 
Godeffroy, OeBterr. Zeitschr. f. Phftrm. 1878, Nob. 1 to 12 (Am. Journ. 
Pharm. 1878, 178). For the action of silico-tungstio acid on alkaloids see 
Godeffroy, Archir d. Fharm. ix. 434 ; chloride of antimony and stannous 
chloride see Godeffroy, ibid. 147, and Smith, Jahresb. f. Fharmacie, 1879, 166 ; 
arseno-molybdio add, selenic and telluric acid, Brandt, Jahresb. f. Phannacie, 
1875, 841. Smith heats trichloride of antimony and projects the alkaloid into 
the fused mass. Morphine and codeine produce a greenish, narcotine olive- 
green, thebaine, brucine and veratrine, red colouration. 
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evaporation with white bole and re-solution in water maybe tried. 
The iodide of silver and sulphate of barium are also at times very 
difficult to remove, and clear liquids can only be obtained by 
repeated filtration through double filters.* 

Should the alkaloid, after liberation with caustic baryta, be 
sparingly soluble in water, it may be precipitated simultaneously 
with the sulphate of barium. In this case it may be extracted 
from the dry precipitate by treatment with alcohol or other 
suitable solvent But those alkaloids that resist extraction by 
the method of agitation are generally freely soluble in water. 

Many alkaloids, too, are easily attacked by alkalies, splitting up, 
on boiling, into i^ids Ind new implex aJdes. A^ine uodrr 
such circumstances pelds tropine and tropic acid ; hyoscyamine 
is resolved into the same two substances. (Cf. § 6t5.) How easily 
errors are thus caused may be seen from the number of alkaloidal 
substances that have been described in text-books as special 
alkaloids, and which are in reality nothing but products of decom- 
position (acolyctine and napelline = aconine; lycoctonine = pseud- 
aconine).^ Curarine is another alkaloid easily decomposed by 
alkalies. Certain members of this class are also decomposed by 
boiling with dilute acids. 

If the alkaloid under examination is not easily attacked by 
baryta or. lime, it may be precipitated by phospho-moli/bdic or phas- 
pho-tungdic acid (§ 63), and separated from its combination with 
either of these acids by baryta or lime, the excess of alkaline 
earth being removed by carbonic acid. These methods, which 
are sometimes of use in the quantitative estimation of certain 
alkaloids, will be discussed in detail in § 177. 

§ 65. Estimation, — For the quantitative determination of alka- 
loids, one of the following methods may be feasible : 

1. The alkaloid obtained in § 64 may be dried and weighed. 

2. The substance removed by agitation according to ^ 55, 56, 
may be weighed, care being taken to avoid loss.^ 

^ I avail myself of this opportunity to draw attention to the more recent 
researches of Wright and Luff on the aconite^alkaloids. See Jahresb. f . Pharm. 
1873, 131; 1874, 135; 1876, 169; 1877, 434; 1879, 189; and in Pharm. 
•Toum. and Trans. On atesin of Aconitnm heterophyllum see Wosowicz, Archiv 
d. Pharm. xiv. 193 (1879).(^harm. Joum. and Trans. [3], s. 31Q). See papers 
by Wright and Luff, ^t6:', in Pharm. Joum. and Trans. [3], vols. ix. z. and xi. 

' Compare the ]fl!Sthods I have proposed for the quantitative estimation of 
trycbnine, bdfcine, and veratrine, in § 174. GUnther has suooessfuUy em* 
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3. The alkaloid may be precipitated from its aqueous solution 
by certain reagents, and estimated gravimetrically. 

Chloride of gold, or sometimes perchloride of platinum (§ 173), 
may be advantageously used as precipitant in the last case, as the 
amount of alkaloid and chlorine present may be approximately 
calculated from the amount of gold or platinum contained in the 
precipitate. Alkaloids may often be estimated gravimetrically 
and volumetrically by precipitation with potassio-mercuric iodide 
(§ 174). 

I have discussed this subject fully in my ' Chemische Werth- 
bestimmung starkwirkender Droguen,'^ where I have shown that 
many alkaloids may thus be accurately estimated. I found, how- 
ever, that the precipitates produced were not always analogous in 
composition, and that therefore the precipitating power or value 
of the unit-quantity of reagent must be determined for each single 
alkaloid. The composition of the precipitate yielded by one and 
the same alkaloid may vary with the concentration of the solution, 
and a diflference in the amount of sulphuric acid present may 
aometimes influence the result. A large excess of acid is incom- 
patible with the accurate estimation of certain alkaloids, such as 
brucine and coniine, whilst in other cases (nicotine, colchicine) it 
is necessary. The latter alkaloid, together with atropine and 
others, requires a considerable excess of the reagent for complete 
precipitation, and in its gravimetric estimation therefore this 
condition must obtain ; on the other hand, the precipitate first 
])roduced is sometimes redissolved on the addition of an excess 
of the precipitant With regard to the reagent itself, I may 
observe that, according to Mayer, it is not advisable to prepare it 
by dissolving iodide of mercury in iodide of potassium, the best 
method being to mix 13*346 gram of perchloride of mercuiy 
with 49 '8 gram of iodide of potassium and water to make one 
litre. 

For details of experiments I refer to the work already men- 

ployed the method of agitation for the estimation of atropine. Compare 
Pharm. Zeitschr. f. Bussland, 1869, p. 89 (Year-book Pharm. 1872, 236). In 
colchicum also it would be more advisable to determine the alkaloid by shaking 
with chloroform than by precipitating with potassio-mercuric iodide. The 
material should be extracted with pure water, and the solution made acid 
rather than alkaline before shaking with chloroform. 
^ St. Petersburg, 1874. Schmitzdorff. 
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m 

tioned, and will only remark here that, as a role, the material 
may be extracted with water acidulated with sulphuric acid, and 
that in many cases the estimation may be made in this liquid 
without further treatment But if the presence of mucilaginous 
substances, etc, prevent this, and their partial removal by alcohol 
be necessary, the solution must be completely freed from spirit 
before titrating. The termination of the reaction is usually found 
by a drop of the filtered solution yielding no precipitate with a 
drop of the reagent. 

Aconiiine and N^MUine, — 1 cc. of potassio-mercuric iodide 
solution of the above strength indicates 0*0269 gram of aconitine, 
and the precipitate (if the estimation be made gravimetrically) 

has the composition C27H4^NOiol2+Hgl2'^ '^ ^® ^***®^ ^^® 
a correction of 000005 gram of aconitine must be made for ever}' 
ca of solution. 

1 cc. of potassio-mercuric iodide indicates 0*0388 gram nepaline 
(pseudaconitine). 

Atropine. — 1 cc. is equivalent to 0*0097 gram atropine if the 
solution contain about 1 in 200, but in solutions containing 
1 in 330 it is equivalent to only 0*00829 gram. The preci- 
pitate obtained by adding an excess of the precipitant to a 
solution containing about 1 in 200 to 300 has the composition 
(Ci7H24N03l)2+Hgl2. In working with solutions containing 
1 in about 350 to 500 a correction must be made of 0*00005 gram 
of atropine for every cc. of filtrate (§ 174). 

« 

Uyoscy amine. — 1 cc. of the mercury solution is equivalent to 
0*00698 gram hyoscyamine, the concentration being about 1 in 
200. According to the more recent researches of Ladenbu]^ 
henbane contain^ two alkaloids, one of which is isomeric with 
atropine, and identical with daturine and duboisine. Compare 
Berichte d. d. chem. Ges. xiii. 909, 1081, 1340, 1549 (Pharm. 
Joum. and Trans., [3], x. 759, 789, 790). [Ladenburg distin- 
guishes hyoscyamine from atropine by the melting-points of the 
alkaloids and their gold salts. In belladonna a second alkaloid 
at least is present, which is possibly identical with hyoscyamine.^ 
The second alkaloid in henbane has been named hyoscine by 
Ladenburg. This must not, however, be confounded with 

^ Por the present I make use of the old forsnuU for aoonitine, as the new 
does not agree so weU with the volumetric determinations. 
' Compare Kraut, Ber. d. d. chem. Ges. xiii. 166. 
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the hyoscine of Hohn and others. Its gold salt melts at a higher 
temperature than that of atropine or hyoscyamine.] (See further 
in § 174.) 

Etmtine, — 1 cc. of the potassio-mercuric iodide precipitates 
0*0189 gram emetine. The precipitate has the composition 

Comme, — 1 ca indicates 0'0125 gram, coniine provided that the 
solution contain J to 1 per cent, of the alkaloid, as little free acid as 
possible, and, in addition, 3 to 4 per cent, of chloride of potassium. 
If these conditions are complied with the composition of the pre- 
cipitate will be (CigHieNI)^ + Hglg (§§ 174, 180). 

Nicotine, — 1 cc. indicates '00405 gram nicotine; the composi- 
tion of the precipitate is CiQEi^Nglg + Hglg. 

Sirychnine and Brucine. — 1 cc. precipitates 0*0167 gram strych- 
nine and 0*0197 gram] anhydrous brucine (in the latter case 
as little free acid as possible should be present). The pre- 
cipitates have the composition CjiHjoNgOjHI + Hgig, and 
C^gHaoNAHI + Hgl^ (§§ 174, 180). 

Colchicine, — 1 cc. precipitates 0*0317 gram colchicine, the con- 
centration being about 1 to 600, and the solution containing 7 to 10 
per cent, of stdphuric acid. The precipitate appears to contain 
four equivalents of colchicine to one of Hgl2. 

Morphine and Narcotine. — 1 cc. corresponds to 0*02 gram crys- 
tallized morphine^ and 0*0213 gram narcotine. (See also § 174.) 

Verairiney sabadilline, and sdbatrine. — 1 cc. indicates, according 
to Masing,^ 0*0296 gram veratrine. Little sulphuric acid only 
should be present and a correction of 0*000068 gram veratrine 
made for every cc. of liquid. According to the same chemist, 
1 cc. of the potassio-mercuric iodide is equivalent to 0374 gram 
sabadilline and 0*03327 gram sabatrine. Correction for every cc. 
0*00005 gram of the former and 0*0000408 gram of the latter 
(§ 174). 

Physostigmine, — 1 cc. precipitates 0*01375 gram physostigmine 
(Masing). Correction for every cc. 000 105 gram. The com- 
position of the precipitate is assumed to be CjgHgiNgOgHI + Hgl^. 
(See also § 174.) 

^ This formula, also, will have to be altered as soon as analyses of the pure 
emetine prepared by Podwissotzki are published. 

3 For the application of potassio-cadmic iodide to the quantitative determina- 
tion of opium alkaloids see Lepage, Kepert. f. Pharm. 1875, 613. 

^ Archiv d. Pharm. ix. 310 (Journ. Chem. Soc. xxzii. 369). 
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Berheiine, — 1 cc. indicates 0*0425 gram berberine (Beach).' 
The precipitate is stated to contain almost exactly half its weight 
of pure berberina 

Quinine, — According to Prescott^ the double salt of quinine 
with iodide of mercury contains 34*5 per cent of alkaloid, and i& 
almost insoluble in water. From the recent researches of Hielbig^ 
it would appear that no special advantage is to be looked for in 
the application of potassio-mercuric iodide to the quantitative 
estimation of quinine. 

Chelidonine and Sanguinarine. — From some experiments made by 
Masing I anticipate that 1 cc. of potassio-mercuric iodide will be 
found to indicate 0*01675 gram of the former and 0*01485 gram 
of the latter.* (Compare also § 174 ei seq.) 

§ 66. Estimation ofTheine, etc. — ^The quantitative determination 
of some alkaloids may be made as follows : The material is boiled 
with water, either pure or containing a little sulphuric acid, the 
filtered or strained decoction evaporated with magnesia or lime,^ 
and the residue finely powdered with sand or some other inert 
substance. It is then extracted with ether, chloroform, or other 
suitable solvent, the filtered solution evaporated and the residue 
weighed.® I have found this method well adapted for estimating 
the alkaloid in tea (without the addition of acid). 

Similar methods have also been proposed for the estimation of 
the total alkaloid in cinchonsrbark, but the long-continued action 
of the dilute acid necessary to dissolve the alkaloid appears to 
decompose part of it and renders the estimation inaccurate. (Com- 
pare § 176.) 

§ 67. Extraction of Cinchona Alkaloids. — ^In a series of experi- 
ments in my laboratory the following method was found by 
Hielbig^ to be the most advantageous : 25 grams of powdered 
bark are digested with 100 grams of 1 per cent sulphuric acid at the 
ordinary temperature for twenty-four hours, care being taken to ex- 

^ American Joum. Pharm. xlviii. 386. . 
a Ibid. xlix. 482. 

* Kritische Beurtheilung, etc. Diss. Dorpat. 

* Compare my Chemische Werthbestimmung, p. 101. Also Naschold^ 
Journal f. prakt. Chem. cvi. 885. 

" Compare Cazeneuve, Jahresb. f. Pharm. 1875, 842. 

* Compare also Losch, Pharm. Zeitschr. f. Kussland, xviii. 545, and my re- 
marks on his method, Jahresb. f. Pharm. 1879, 165 (Year-book Phann. 
1880, 60). 

^ Loc, cit. 
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elude direct sunlight ; 500 cc of spirit are poured in, and after 
two hours 25 grams of slaked lime are added to the mixture. 
The whole is then macerated for two days, and finally boiled for 
half an hour on the water-bath To the filtrate, together with 
100 cc. of wash-alcohol, the results of two following extractions, 
each with 250 cc. of spirit and 100 cc. washings, are added. 
The mixture is neutralized with 25 drops of dilute sulphuric acid 
(1 to 7) or more if much cinchonine is present After stand- 
ing twenty-four hours the spirituous solution is filtered, and 
the alcohol recovered by distillation, the process being stopped 
as soon as the liquid becomes cloudy (about 2Q0ca); 15 cc. of 
2 per cent, sulphuric acid are then added, and the evaporation 
continued on the water-bath, carbonization being carefully avoided. 
The residue is treated with water, the resin filtered off and 
washed with a little dilute sulphuric acid. The alkaloid is then 
precipitated by carbonate of soda, and the whole evaporated on 
the water-bath to about 20 cc. After cooling, the resinous preci- 
pitate is filtered off, rubbed down to a powder in a mortar with 
water, retransferred to the filter, washed, dried, and weighed. 
From the filtrate and wash-water the alkaloid is extracted by 
chloroform, and the weight thus found added. For the separa- 
tion* of the more important bark alkaloids from each other, see 
§§ 183, 184. 

§ 68. Estimation hy Titration, — If the alkaloid under examina- 
tion has a powerfully alkaline reaction, it may be separated by 
the method of agitation, or according to §§ 66, 67, and esti- 
mated by titration with ^ acid. A method of this kind has 
been proposed by Schlossing and others for the quantitative 
determination of nicotine in tobacco.^ (See §§ 179, 180.) 

§ 69. Separation of ttco or more Alkaloids, — In the methods 
described for the estimation of alkaloids it was assumed that only 
one was present. But two or more may be met with in the same 
plant. In attempting their separation their behaviour to solvents 
should be ascertained. Ether, for instance, may be used to separate 
quinine from cinchonine, narcotine from morphine, delphinine from 
delphinoidine. 

' ^ Annates de Chim. et de Phys. xix. 230 (Am. J. Pharm. xix. 68) ; also 
Wittstein and Brandt, Vierteljahresflchrift f. prak. Fbarm. xi. 351, and xiii. 
322 ; Liecke, Zeitschr. f. anal. Chem. iv. 492 ; Kosutany, Anal. Best, einiger 
Bestandth. d. Tabakspflanze. Diss. Altenburg in Hungary, 1873. 
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This method is not, however, always successful, and com- 
pounds of the alkaloids differing considerably in solubility, etc., 
must be looked for, applicable to the separation to be effected. 
Quinine may be separated from quinidine by precipitation 
with Eochelle salt, quinidine from cinchonine by iodide of 
sodium, etc Use may also be made of the difference in equi- 
valent weights. (Compare the estimation of brucine in presence 
of iftrychnine in § 174.) See also §§ 180 to 183. 

EXAMINATION FOR GLUCOSES SOLUBLE IN ALCOHOL. 

§ 70. Detedum and Estimation of Glucoses soluble in Alcohol. — 
Both glucoses and cane-sugars may be present in that part of 
the alcoholic extract (§ 48) which is soluble in water, but the 
amount can be but si^all, since the material is macerated at the 
ordinary temperature. It must, however, be taken into account, 
in order to avoid error. If the alcoholic extract contain no tannin 
or bitter substance, the aqueous solution may be tested for glucose 
with Fehling's solution (§ 83) without further treatment ; if found 
it may be determined quantitatively. 

Sugar may also be qualitatively tested for by adding to the 
liquid under examination first potash and then dilute solution of 
sulphate of copper, as long as the cupric hydrate first formed is 
redissolved. Excess should be avoided. The liquid may now be 
divided into two portions, one of which may be warmed and 
the other allowed to stand in the cold in order to ascertain whether 
reduction takes place at the ordinary temperature, as well as on 
heating. 

If the glucose is accompanied by such substances as tannin, 
eta, the filtrate obtained after addition of acetate of lead in their 
quantitative estimation (§§ 49, 52), or after precipitation of a 
separate quantity with basic acetate, may be treated, together 
with the washings, with a slight excess of sulphuric acid, filtered, 
washed and made up to a known voluma The sugar may then 
be estimated quantitatively with FehUng's solution. The result 
must be added to the amount found in the aqueous extract (§ 83). 
Part of the solution may be boiled for half an hour with 1 to 2 
per cent of sulphuric or hydrochloric acid in a flask fitted with 
an upright condenser. If more sugar be found after such treat- 
ment, the difference is to be calculated as saccharose (§ 85). 
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V. 

Examination of Substances Soluble in Water. 

mucilage, acids, glucoses, saccharoses and other 
carbohydrates, albuminous substances, etc 

§ 71. Treatment toith Water. — The residue of the material after 
exhaustion with alcohol (§ 47) is dried at a temperature not above 
40° C, and transferred to the vessel previously used, which should 
likewise be dried. Water is then added in the proportion of at 
least 10 cc. for every gram of original substance, and the whole 
frequently shaken during twenty-four hours. The liquid is now 
filtered off through the same filter that has already served for 
such operations, and the filtrate set aside for examination. The 
residue is washed by repeated maceration and filtration, the wash- 
ings being reserved for treatment as directed in § 194. The in- 
soluble substance is not dried (^ 92, 102, 105 et seq. ; 193 et'seq.). 

§ 72. Total Solid Residue. — 10 cc. of the filtrate are evaporated 
in a tared platinum dish, dried at 110*" and weighed. The resi- 
due is then incinerated and the ash deducted. It should be 
ascertained if the ash is rich in carbonic, sulphuric, or phosphoric 
acid, chlorine, lime, magnesia or potash ; and if large quantities of 
Bulphuric or phosphoric acid are present they should be estimated 
(§ 82). 

If the filtrate contain much sugar, moisture may easily be re- 
tained by the residue. In such cases Serrurier^ advises the addi- 
tion of ^ per cent, of alcohol before evaporation. It is claimed 
that the residue is then porous and easily dried. 

EXAMINATION OF MUCILAGINOUS SUBSTANCES, DEXTRIN AND 
ALLIED CARBOHYDRATES PRECIPITATED BY ALCOHOL. 

§ 73. Mucilaginous Substances. — 10 to 20 cc. of the aqueous 
extract (§ 71) are mixed with two volumes of absolute alcohol, and 

^ Zeitscbr. f. anal. Cbemie, z. 491. 
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allowed to stand for twenty-four hours in a cool place in a well- 
closed vessel The precipitate is collected on a tared filter, washed 
with 66 per 'Cent, spirit, dried and weighed. Both filter and suh- 
stance are tUen incinerated and the ash weighed, that of the filter 
being deducted. If the precipitate itself possess the characters 
of vegetable mucilage (^ 195, 196) and contain not more than 
5 per cent, of ash, it may be assumed the latter corresponds to 
the lime and potash usually found in such mucilages. But if the 
percentage of ash be larger, and it contain much carbonate of 
lime or potash, attention should be paid to the possible presence 
of salts of vegetable acids with these bases, such as acid tartrate 
of lime or potash, etc (§ 74). 

That the precipitate really contains vegetable mucilage may be 
proved by its dissolving in water to a mucilaginous liquid which 
does not reduce Fehling's solution until after it has been boiled 
for some time with dilute hydrochloric acid. Its concentrated 
solution is precipitated by basic acetate of lead. It is also 
occasionally precipitated by ferric chloride and thickened by 
solution of borax or soluble silicate of soda. See also ^ 193 to 
196. 

§ 74. Vegeiuhle Albumen, — ^Incomplete solubility of the mucilage 
precipitate would indicate the presence of albumen, but, by the 
method of examination adopted, the quantity will usually be so 
small that it may be neglected. (See also §§ 92 ei seq.; ^bet seq,) 
If, however, Lassaigne's test show that the precipitate contains 
much nitrogen, the results of the estimation of legumin and 
albumen, which will be subsequently made, must be deducted 
from the weight of mucilage, etc. If, on treating the mucilage 
precipitate with a little water, a difficultly soluble crystalline sub- 
stance be observed, examination should be made for tartrate of 
lime or acid tartrate of potash, which, if present, should be 
estimated by precipitating with neutral acetate of lead and should 
be deducted from the weight of the mucilage. 

§ 75. Inulin, — If subterranean parts of plants belonging to 
Composite or allied orders are imder examination, they may, 
even though previously dried, yield a little inulin to water. 
After precipitation with alcohol it is not redissolved by water at 
the ordinary temperature, but is freely Boluble when warmed 
to 56^ It is Isevo-rotatory, is^converted by treatment with dilute 
acid into levulose, and may be estimated by determining the 
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amount of sugar thus produced. The majority of the inulin is, 
however, left in the residue insoluble in water, from which it 
may be extracted as directed in § 102. 

§ 76. DextriUy etc. — ^The filtrate and wash-alcohol from the 
mucilage precipitate (§ 73) are evaporateji as rapidly as possible, 
at a temperature of 70° to 80°, to a S3rrupy consistence and again 
precipitated with 4 volumes of absolute alcohol. Certain car- 
bohydrates soluble in dilute alcohol, such as dextrin, levulin, 
sinistrin and triticin, are thus thrown down and should be 
filtered ofif as rapidly as possibla 

These carbohydrates may be distinguished from mucilage by 
their being more easily convertible into sugar and by their not 
being precipitated by basic acetate of lead. Dextrin is dextro- 
rotatory in aqueous solution, and yields grafpe sugar on boiling 
with a dilute acid. Levulin, sinistrin, and triticin yield levu- 
lose. The first of these three is optically inactive ; sinistrin and 
triticin are Isevo-rotatory (ajo = -32 •456° and -43*579° respec- 
tively). None of the four are coloured either blue or red by 
iodine.^ Sinistrin and triticin are precipitated by caustic bar3rta 
from solution in 40 per cent alcohol. Carbonic acid liberates the 
carbohydrate from the compound thus produced (§ 198). 

QuaniUative EsUmatian (§§ 199, 201 to 204).— The carbo- 
hydrates mentioned in the preceding paragraph are best esti- 
mated by boiling with a dilute acid and determining the amount 
of sugar thus produced by titrating with Fehling's solution. The 
barium precipitates of levulin, triticin and sinistrin maybe treated 
directly with acid« 

If dextrin and glucose are present together, the results yielded 
by the estimation are as a rule somewhat too high, as a little 
sugar is precipitated with the dextrin. 

It should, however, be ascertained whether the dextrin-precipi- 
tate contain much nitrogen, and, if this is the case, whether the 
amido-acids discussed in §§ 101 and 242 are present. 

EXAMINATION FOR SAPONIN AND ALLIED SUBSTANCE& 

§ 77. Extraction of Saponin. — If the precipitate obtained with 
alcohol in § 76 is rapidly filtered off, the majority of the saponin 

^ It was formerly thought that dextrin was coloured red by iodine. This 
colouration was due to an impurity (soluble staroh^rythrodextrin) contained 
in the dextrin examined. 

5—2 
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remains in solution, and is left behind on evaporating the 
alcoholic filtrate. It is soluble in hot 83 per cent spirit and 
deposited again on cooling ; but in absolute alcohol it is almost 
insoluble. Barjta-water precipitates it from aqueous solution ; 
after washing with saturated baryta-water the saponin may be 
liberated from the compound by carbonic acid gas ; a few per cent, 
of baryta, however, always remain associated with the saponin 
thus obtained. It also forms an insoluble compound with basic 
acetate of lead. Its solutions have an unpleasant acrid taste, 
froth on shaking, emulsify oils, etc. On agitating with chloro- 
form it is taken up by that solvent and may be obtained in an 
amorphous condition by evaporating the chloroformic solution. 
(Cf. § 55.) The residue, moistened with a few drops of concen- 
trated sulphuric acid and exposed to the air, gradually assumes a 
reddish or reddish-violet colouration. It is a glucoside, yielding 
aapogenin as a resinous decomposition product sparingly soluble 
in water. 

§ 78. Quantitative Estimation, — Christophsohn^ and Otten^ have 
adopted the following two methods for the determination of 
saponin: 

^.10 grams of the powdered substance are boiled three times 
in succession with distilled water, the decoctions strained (they 
filter very slowly), evaporated to a small btdk, precipitated with 
alcohol and filtered. The precipitate is exhausted with boiling 
alcohol (83 per cent), and the spirituous solution added to the 
filtrate. After recovering the alcohol by distillation the residue 
is dissolved in water, concentrated and precipitated with saturated 
baryta-water. The precipitate is collected on a tared filter, washed 
with saturated bar3rta-water till the washings are colourless and 
dried first at 100°, subsequently at 110°. After weighing it is 
ignited till the ash is white, the baryta estimated as carbonate in 
the usual way, calculated into oxide and deducted from the weight 
of the saponin-baryta, the difference being the weight of saponin 
from 10 grams of substance. For the seeds of Agrostemma 
githago the following modification must be adopted on account 
of the large amount of starch rendering the extraction with water 
very tedious. A weighed quantity of ground air-dry seeds are 

1 * Vergl. Untere. iiber das Saponin, etc.' Diss, Dorpat, 1874, and Archiv 
d. Phann. vi. 432, 481. 

' Histiol. UnterA. der Sarsaparillen. Diss. Dorpat, 1876. 
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exhausted by boiling with alcohol and filtering whilst hot, the 
alcohol being recovered from the filtrate by distillation. The 
residue is freed from fatty oil by ether, dissolved in water and 
the saponin in it precipitated with baryta as before. 

B. The saponin-baiyta obtained "by the previous method is 
dissolved in water with the aid of hydrochloric acid and freed 
from baryta by the cautious addition of dilute sulphuric acid. 
The filtrate and washings from the sulphate of barium are boiled 
for an hour ; the sapogenin which has separated out is filtered 
ofif, washed, transferred together with the filter to a small flask 
and exhausted by boiling with 83 per cent of alcohol. On 
evaporating the filtered alcoholic solution and drying at 110'' the 
weight of the sapogenin is ascertained and may be calculated to 
saponin, 100 parts of the latter 3delding on an average 35*8 parts 
of the former. 

Christophsohn obtained the following results in a series of 
comparative experiments with both methods. The seeds of 
Agrostemma githago were treated as directed in A, 

A. B. 

1. Quillaja saponaria (bark) ... ... 8 '67 8*82 % Saponin. 

2. G jpeophila stnithium (root) 
3. 

4. Saponaria officinalis (root) ... 

5. Agroetemnia githago (ripe seeds) ... 6*67 6'51 „ „ 

In the various sarsaparillas Otten found, by method A^ from 
1*21 to 3-43 per cent, of saponin. (See also § 167.) 

§ 79. Bigitoninj which is allied to saponin, may be distin- 
guished by its assuming a fine red colour when heated with 
dilute sulphuric or hydrochloric acid. Like saponin, it is easily 
soluble in cold water, sparingly in cold absolute alcohol. (Cf. 
^ 155, 167.) 

EXAMINATION FOR ACIDS, ETC. 

§ 80. Estimation of Total Organic Acids, — Part of the filtrate 
obtained in ^ 73 and 76 is concentrated and, after complete 
dissipation of the alcohol, precipitated with neutral acetate of lead, 
avoiding an excess. After standing from twenty-four to forty-eight 
hours the precipitate is filtered ofl" and treated as directed in § 49. 
The organic matter present is noted as organic acids and allied 
substances. If the presence of tannic acid, which has escaped re- 
moval by the previous treatment with alcohol, is suspected, it 
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should be estimated in a portion of the filtrate from § 73 or 
S 76, by precipitation with acetate of copper (cf. § 50), and de- 
ducted from the total organic acid& 

§ 81. QualUcUm Separation. — If the lead precipitate is at first 
amorphous, but becomes ciystalline on standing, malk or fumaric 
acid^ may be present. (See also §§ 214, 220, 221.) 

The acids thus precipitated may be further qualitatively examined 
by suspending the moist precipitate obtained as directed in § 80 
in pure water and decomposing with sulphuretted hydrogen. The 
filtrate from the sulphide of lead is evaporated on the water-bath 
to a small bulk and, when the odour of sulphuretted hydrogen 
has disappeared, lime-water is added to the cooled liquid till the 
reaction is alkaline. If a precipitate is produced which dilute 
acetic acid fails to dissolve completely, oxalic acid is probably 
present* (See also §§ 214, 218, 219.) If, on the other hand, 
it is entirely soluble in acetic acid, a fresh portion should be 
tried with solution of chloride of ammonium. Tartrate of calcium 
(§ 217) dissolves, racemate (§ 218) does not. In the latter case care 
should be taken not to mistake phosphate for racemate of calcium. 

If lime-water has caused no precipitate in the cold the solution 
should be boiled. Any turbidity that may now occur would 
indicate cUric acid. (§§ 215, 216, 218.) 

Aconitic acid is not thrown down by lime-water even on boiling, 
but it is characterized by the slight solubility of its acid ammonium 
salt in 50 per cent alcohol. The liquid to be tested is divided 
into two portions, one of which is neutralized with ammonia and 
added to the other. Any crystals of acid aconitate of ammonium 
which separate out should be washed with 50 per cent alcohoL 
From this salt the acid may be isolated by adding a slight excess 
of sulphuric acid and shaking with ether. Its identity may be 
established by the ultimate analysis of the calcium, silver and 
ammonium salts. (See also § 216.) 

I think it is very probable that the so-called Marattin is aconi- 
tate of calcium (§ 102). Sphsero-crystals of this substance were 

^ For the solubility of nuJate of lead in warm dilute acetic add, and the 
deposition of a crystalline salt on cooling, see Hartsen, Zeitschr. f. anal. 
Chemie, xiv. 873 (Joum. Chem. Soc. xxix. 375). 

^ Oxalate of calcium (§§ 100, 219) often settles slowly and on filtration passes 
through the pores of the filter. Muck has shown (Zeitschr. f. anal. Chemie, 
ix. 451) that the precipitate is much easier to manipulate if small quantities of 
aluminium salts are present. 
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observed by Rubsow in the stems of species of Marattia which 
had been kept in alcohol 

If the presence of an oxalate has been indicated by the action 
of acetic acid, the acid solution should be filtered ofif and super- 
saturated with lime-water, which would re-precipitate tartaric, 
citric, racemic acid, etc. Citric acid may be detected by boiling 
the filtrate. Citric and tartaric acids may be separated quantita- 
tively by Allen's method.^ The acids are dissolved in 20 volumes 
of spirit, and a concentrated solution of acetate of potassium 
added. After standing twelve hours the acid tartrate of potassium 
is collected and estimated either gravimetrically, or by titration 
with normal solution of soda. (See also ^2\4t et seq; 217 et seq.) 

§ 82.- FoL Estimation; Mineral Acids; Free and Combined Add. 
— If only one of the non-volatile acids mentioned can be de- 
tected, the estimation made in § 80 may be checked by^decom- 
posing the lead precipitate from a known fraction of the aqueous 
extract with sulphuretted hydrogen, evaporating the filtrate and 
titrating the residue dissolved in water. But in this case the 
phosphoric and sulphuric acids previously estimated in § 7 must 
be deducted (§ 214). 

Mineral acids may be tested for qualitatively by adding a drop 
of an alcoholic solution of methyl-violet Mineral acids change 
the colour to bluish-green. 

The amount of free acid present in fruits, etc., may be estimated 
in the aqueous extract by titration with normal alkalL A similar 
determination may be made in the alcoholic extract (§ 47). Any 
excess of acid found in the first estimation over that in the second 
may generally be ascribed to the acid salts present 

If an extract from a vegetable substance is to be specially 
examined for free tartaric acid in the presence of acid tartrates 
(of calcium and potassium), the liquid may be evaporated to a 
syrupy consistence and the tartaric acid extracted with ether or 
absolute alcohol^ The alcoholic or ethereal solution is evapo- 
rated, the residue dissolved in a little spirit and the tartaric add 
separated by the addition of alcoholic solution of acetate of 
potassium.^ 

^ Zeitachr. f. anal. Chemie, xvi. 251 (Phaim. Jonm. Trans. [3], vi. 6). 
' Gf. Claus, Zeiteohr. f. anaL Chemie, xvii. 314. 

' See also Nesaler, Zeitachr. f. anaL Chemie, xviiL 230 (Journ. Chem. Soc. 
xxxvi. 981). 



72 SUBSTANCES SOLUBLE IN WATER 

EXAMINATION FOR GLUCOSES, SA(X;HAR0SES, ETC. 

§ 83. GlvMses. — ^The alcoholic extract may, as mentioiied in 
§ 70, contain a small amount of glucose which, if present, should 
be quantitatively estimated. But, as was there observed, the 
whole of the glucose is not usually removed by cold alcohol, and 
the remainder must be looked for in the aqueous extract. If no 
tannic acid or other substance that reduces Fehling's solution is 
present, the glucose may be estimated in part of the aqueous 
extract in § 71 by direct titration.^ But if the glucose is ac- 
companied by other substances that also reduce the salt, these 
must be removed before the estimation can be made. They 
may be avoided by using the filtrate from the mucilage 
precipitate (§ 73), or from the dextrine group (§ 76) ; the 
alcohol must be removed by evaporation, the residue dissolved in 
water and made up to a known volume. (Cf. § 197.) K such 
substances as tannic acid, etc, have to be removed, it is best to 
precipitate a portion of the aqueous extract with basic acetate of 
lead and remove the excess of lead with sulphuric acid before 
determining the sugar. 

Instead of keeping the alkaline copper solution recommended 
by Fehling ready for use, I keep separate solutions of the three 
salts of which it is composed, viz., 34*639 grams of crystallized 
sulphate of copper, 173 grams of Rochelle salt, and 120 grams of 
caustic soda, each in a litre of water. 10 cc. of each of these solu- 
tions with 20 cc. of water represents 10 cc. of alkaline copper solu- 
tion diluted with 4 volumes of water as recommended by Fehling. 
Of the three solutions the sulphate of copper alone requires to be 
accurately measured. 

The titration is made as follows : the alkaline copper solution 
is brought to the boil in a white porcelain dish and the sugar 
solution (previously made up to a known volume) added from a 
burette until the blue colour has completely disappeared. 10^ cc. 
of copper solution indicate 0*05 gram grape-sugar. Should the 
final disappearance of the blue colour be concealed by dark 
colouring matter, etc., in the solution, a few drops may be rapidly 

^ On the estimation of sugar with copper solution, see Fehling, Annalen d. 
Chem. u. Pharm. Ixxii. 106, cvi. 75 (Pharm. Journ. Trans. [1], ix. 419) ; 
Graeger, N. Jahr. f, Pharm. xxix. 193 ; O. Schmidt, ib. 270 ;. Stadeler u. 
Krause, Annalen d. Chem. u. Pharm. Ixix. 94 ; Pellet, Journ. de Pharm. et 
de Chimie, 4te S^rie, xxvii. 460 (Journ. Chem. Soc. xxxiv. 612). 
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filtered off and tested for copper by the addition of acetic acid 
and ferrocyanide of potassium. But a slight reaction will 
generally be obtained as traces of copper remain in solution and 
the absence of any reddish-brown precipitate after the lapse of a 
few minutes must be taken as sufficient indication of the termina- 
tion of the reaction. 

It is well known that the sugar solution should be very dilute ; 
the best strength is about J per cent. If a preliminary experi- 
ment shows it to be more concentrated, it should be diluted to 
about this strength.^ 

The estimation may also be made gravimetrically, by quickly 
filtering off the cuprous oxide, washing with water, drying and 
converting into cupric oxide. This method is advisable if, in 
titrating, the final reaction is obscured, or if the amount of sugar 
solution available is not sufficient to complete the reduction of the 
copper-salt taken. 

But it must be bbme in mind that by drying the cuprous 
oxide on the filter and weighing incorrect results would, as 
Brunner* has shown, be obtained, since the alkaline copper solu- 
tion dissolves cellulose and the filter accordingly loses weight 
It is better, therefore, to dissolve the cuprous oxide and deter- 
mine the copper by the usual methods, or to estimate the excess 
of copper in the filtrate.^ 317 parts by weight of copper, 
357 of cuprous oxide or 397 of cupric oxide indicate 180 of 
glucose, 171 of saccharose or 162 of starch, etc. (§ 200). 

§ 84. Other Methods of Estimating Glucose, — Glucose may also 
be estimated by Knapp's reagent,^ which consists of 10 grams of 

^ Soxhlet — Zeitschr. f. anal. Chemie, xviiL .348 (Pharm. Joum. Trans. [8] 
xi. 720) — has shown that the reducing power of the glucose varies with the con- 
centration of the solutions. In making estimations the sugar solution should 
therefore be of as nearly as possible the same strength as that used for standard- 
izing. According to Soxhlet the gravimetric estimation in presence of an 
excess of copper may be attended with considerable error. But Maercker 
has shown that satisfactory results may be obtained by this method also, if the 
same conditions are alwa3rs observed. See also Ulbricht, Chem. Gentralblatt, 
1878, 392, 5^4. 

^ Zeitschr, f. anal. Chemie, xi. 32 (Joum. Chem. Soc. xxv. 928). 

' Compare also Weil, ib. 284 ; Mohr, ib. xii. 296 ; Jean, ib. Ill ; Lagrange, 
ib. XV. Ill ; Briicke, ib. 100 ; Maschke, ib. xvi. 425. (See Joum. Chem. 
Soc. xxv. 1121 ; xxvii. 292 ; xxxi. 806, ib. 116 ; xxxii. 930.) 

* Annal. d. Chem. u. Pharai. cliv. 252 (Pharm. Joum. Trans. [8] i 301). 
See also Mertens, Zeitschr. f. anal. Chemie, xiii. 76 ; Bnunme, ib. xvi. 121. 
Knapp's reagent keeps C09siderably better than Fehling's. 
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mercuric cyanide and 100 cc. of caustic soda (sp. gr. 1*145) in a 
litre of water ; 0*4 gram of the cyanide = 40 cc. of solution indi- 
cate 0*10 gram glucose. Knapp determines the end of the ex- 
periment by touching a drop of the solution on filter paper with 
a drop of sulphide of ammoniuuL An excess of mercury would 
produce a brown colour (§ 200). 

Instead of Knapp's solution an alkaline solution of potassio- 
mercuric iodide may be employed for estimating glucose, as re- 
commended by Sachss& The sugar solution for this reagent may 
be prepared as directed in § 83. The reagent as first recommended 
by Sachsse^ contained a large excess of alkali, which rendered the 
estimation of dextrose and levulose in the presence of saccharose 
inaccurate. Heinrich^ therefore altered the composition by re- 
ducing the amount of alkali to a minimum, and directed that a 
litre should contain 18 grams of mercuric chloride, 25 of iodide 
of potassium and 10 of caustic potash. 40 cc. indicate 0*1342 
gram glucosa The titration is made in the same way as with 
Fehling's solution, and the end of the experiment determined by 
testing a drop with stannous chloride, which should not throw 
down a grey precipitate, showing that no excess of mercury 
remains in solution. The presence of ammonium salts does not 
interfere with the reaction. Nessler's reagent for ammonia has a 
composition similar to Heinrich's modification of Sachsse's solu- 
tion, but contains a far larger quantity of caustic alkali, which is 
necessary for the detection of ammonia (§ 97). 

The appearance of the final reaction is retarded if the solution 
contains but very small quantities of invert-sugar. It is advisable 
to make the mercurial solution of such strength that 5 cc. indicate 
0*0168 gram of invert-sugar. 

Ghicose may also be estimated gravimdriccdly by using an acid 
solution of a mercuric salt. The reagent recommended contains 
in a litre 30 grams of mercuric oxide, 25 of concentrated acetic 
acid and 30 of chloride of sodium. On boiling with sugar the 
mercury is reduced and may be weighed as mercurouB chloride." 
5 '88 parts of calomel indicate 1 part of glucose. 



1 Jahresb. f. Phaim. 1876, 375 (Journ. Chem. Soc. zxxii. 226). See also 
Strohmer u. KlausB, Chem. Gentralblatt, 1877, 697, 713 (Journ. Chem. Soc. 
xzxiv. 246). 

3 Chem. Centralblatt, 1878, 409 (Journ. Chem. Soc. zxxvi. 180). 

» Jahresb. f. Phsurm., 1877, 340. 
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The reagent is said to be without action on cane-sugar, glycerin, 
arabin and dextrin. 

§ 85. — Influence exerted by Saccharoses, — If the glucose in the 
liquid under examination is not accompanied by saccharose, or 
other carbohydrate not precipitable by alcohol, fairly accurate 
results may be obtained by the methods detailed in §§ 83, 84. 
But istaccharoses influence the estimation by their presence to an 
appreciable extent, although they do not themselves, when pure, 
reduce Fehling's or Sachsse's solution. 

The same applies to the determination by fermentation (§ 204) ; 
saccharoses may be partially converted by the yeast into ferment- 
able glucose. 

It canhot be said that we are in a position to estimate with 
exactness in every case the proportion of glucose and saccharose 
in mixtures. Sometimes, it is true, the accuracy of the estimation 
leaves little to be desired — as, for example, mixtures of dextrose 
or invert-sugar with cane-sugar. Solutions of such mixtures 
may be examined in the polariscope, in addition to being tested 
chemically. But many instances occur in which the necessary 
conditions do not obtain. (Cf. §§ 208, 209.) 

§ 86. Estimation in Presence of Saccharose, — In such cases the 
only method we can adopt is, first, to remove the carbohydrates 
precipitable by alcohol (^ 73, 76), estimate the glucose with 
Fehling's solution, and then repeat the estimation after acidifying 
with 1 per cent hydrochloric acid and boiling for 15 to 20 minutes 
(or several hours if the presence of mycose be suspected) in a flask 
provided with an upright condenser. If the two determinations 
yield fairly concordant results, it may be assumed that no saccha- 
rose is present ; on the other hand, any excess that the second 
may indicate over the first may be noted as ' saccharose or aUied 
carbohydrate.' The possibility of error must, however, be 
admitted (§ 207). 

§ 87. Estimation of Saccharose alone, — ^If the solution contains a 
saccharose alone, with the exception of milk-sugar or maltose, it 
will not reduce Fehling at all. Although, therefore, no reduction 
may be observed, the inversion with acid should not on any account 
be omitted, as the solution may contain a saccharose. (Gl § 207.) 

According to Pillitz,^ cane-sugar may be easily inverted by 

^ Zeitachr. f. anal. Chemie, x. 456 (Joum. Ghem. Soc. xxv. 329). See alao 
Niool, ib. xiv. 177 (Journ. Chem. Soc. xxv. 329). 
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heating a solution of 1 part in 12 or 13 of water with 1*5 to 20 
parts per mille of sulphuric acid (specific gravity 1*12), in sealed 
tubes, to 130° or 135^ The estimation of sugar by the fermenta- 
tion of such solutions is said to yield numbers that are rather too 
low. That is not the case with determinations by Fehling's or 
Knapp's method. 

I am, on the whole, more inclined to use hydrochloric acid for 
inverting ; but if the acid is to be subsequently removed, I must 
acknowledge that sulphuric is to be preferred, as it is easily pre- 
cipitated by carbonate of barium. 

§ 88. BoUgei^s Test. — The above tests also suffice for the detec- 
tion of glucose and saccharose. Bottger's bismuth test may be 
employed as confirmatory of the presence of the former. It consists 
in warming the liquid with a solution of carbonate of soda, to- 
gether with oxynitrate or hydrate of bismuth ; if sugar be present, 
grey suboxide of bismuth is formed. (See also § 200.) 

§ 89. Distinctive Characteristics, — ^The chief marks of distinction 
between the various members of the glucose or of the saccharose 
group are to be found in the difiference in crystalline form, etc., 
and in the action on polarized light. In the cases here alluded to, 
use may sometimes be made of these characters, especially if the 
solution contains only one carbohydrate and no other substance 
that might influence the crystallization or optical activity. But 
these conditions are seldom fulfilled, and in the majority of cases 
we must, therefore, forego an exact identification of the particular 
glucose and saccharose present, unless we have a considerable 
quantity of the substance under examination at our disposal. 
(Ct §§ 205-207.) 

If we have conmiand of a large quantity of material, it would 
be best to endeavour to effect the separation of the carbohydrates 
by treatment with different solvents, decolourization with animal 
charcoal and crystallization. The crystallization of glucose is 
favoured by direct sunlight ; the presence of a small quantity of 
a mineral (hydrochloric) acid may also prove advantageous. (See 
also ^205-207.) 

§ 90. Solxfhle Modification of Arabic Acid. Albuminoids not Pre- 
djpitated by Alcohol, — ^In almost every plant-analysis the sum-total 
of the separate estimations of the substances soluble in water 
(mucilage, etc.) will be found lower than the estimation of the 
total solids in solution. One or more substances must^ therefore, 
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generally be present that are soluble in water, not precipitated by 
alcohol or neutral acetate of lead and have up to the present 
time eluded investigation. It might appear hazardous to make 
conjectures as to the nature of these substances, but I cannot help 
remarking that in some cases a substance seemed to me to be 
present which, after evaporation of its alcoholic or aqueous solu- 
tion, did not again dissolve completely in either of those liquids. 
It appeared to agree in some of its properties with that form of 
vegetable mucilage that is obtained by dialyzing acidified solutions 
of gum, etc., which sometimes remains in solution on the addition 
of alcohol When I have met with a substance agreeing with 
mucilage in this peculiarity, I have spoken, it is true, of a ' soluble 
modification of arabic acid,' but I have not omitted to place a 
query after it^ The further investigation of this substance is a 
desideratum for plant-analysis. 

But in thus assimiing the presence of such an 'arabic acid,' 
account must be taken of the results of the nitrogen determina- 
tions to be described in § 96. By deducting the nitrogen in the 
residue of the material after extraction with water from that in 
the original substance, the amount in the substances soluble in 
water is ascertained. If, now, the amount of nitrogen present as 
albuminoids, nitric acid, ammonia and alkaloid is calculated from 
the separate determinations and found to be much smaller than 
the estimation by difference, it should be remembered that imder 
certain conditions water may dissolve albuminoids which alcohol 
fails to precipitate. 

§91. Mannite, — Another substance, however, which is of not 
imfrequent occurrence in the vegetable kingdom, would similarly 
elude detection by the foregoing experiments with the alcoholic and 
aqueous extracts, as it is almost insoluble in cold absolute alcohol 
but is not precipitated from its aqueous solution by the addition 
of either spirit or lead salts. The substance referred to is mannite. 
If present it would be included in the deficit mentioned in § 90, 
but would be easy of detection, as it crystallizes with great facility 
in long prisms and needles and is somewhat sparingly soluble in 
cold spirit It may be approximately estimated by precipitating 
the aqueous solution with alcohol and basic acetate of lead, 

^ Compare my * Chem. Beitrage z. Pomologie/ Borpat, 1878 ; Verlag d. Dor- 
pater Katurforscher Geeelkch. ; and Pfeil, ' Chem. Beitrage z. Pomologie,* 
Diss. Dorpat, 18S0. 
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removing the lead by sulphuretted hydrogen and any glucose 
that may be present by rapid fermentation. The residue may be 
exhausted with boiling 90 per cent alcohol and allowed to crystal- 
lize in the cold. But an accurate result cannot be expected, since, 
in addition to other errors, mannite may be produced in consider- 
able quantity by the fermentation of cane-sugar.^ For particulars 
of some substances allied to mannite see § 212. 

The method of examination for bitter principles, glucosides, and 
alkaloids has been described in ^ 58 to 69. (See also ^165 
d seq, ; 171.) 

EXAMINATION FOR ALBUMINOIDS SOLUBLE IN WATER, 
AMMONIAOAL SALTS AND NITRIC ACID. 

§ 92. Eziradim of Albuminoids. — It has already been observed 
in § 74 that if the residue, after extraction with ether and alcohol, 
be exhausted with water the estimation of albuminoids in the 
aqueous extract thus prepared will generally give inaccurate 
results. A fresh portion of material should therefore be directly 
exhausted with water, or, if much fixed oil is present, the extrac- 
tion with water may be preceded by treatment with petroleum 
spirit. After having removed the fixed oil (if necessary) from 
about 10 grams, the residue is dried at 40*" C, macerated with 
100 cc. of water, with frequent agitation, for 4 to 6 hours, and 
filtered as described in § 71. If thought desirable the maceration 
may be conducted at a temperature not exceeding 35** to 40\ 
(Compare also § 225 et seq.) 

Detection. — ^With a portion of the filtrate qualitative experi- 
ments should be made. Among the reagents used for the detec- 
tion of albumen, iodine and mercuric nitrate (containing as little 
free nitric acid as possible) may be mentioned ; the former colours 
it brown, whilst the latter produces a yellow colour, changing, on 
the addition of a trace of nitrous acid, to a splendid red. The 
addition of caustic potash to albumen, previously moistened with 
solution of sulphate of copper, is followed by the appearance of a 
bluish-violet colour. If the amount of albumen present be rather 
small, these experiments may be made with the precipitates ob- 
tained by the addition of an acid to the aqueous solution (§ 93). 

Microchemicai. — ^These reagents also serve for the microchemical 
detection of albumen. The latter substance possesses, moreover, 

^ Archiv d. Pharm. xv. 47 (Joum. Chem. Soc. xzxviii. 100). 
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the property of absorbing aniline-violet (protoplasm generally 
assnming a bluish-violet, the cell-nucleus a reddish tint), carmine, 
cochineal, picro-carmine, etc. Note should also be taken of the 
form in which the albumen occurs, whether crystalline or 
amorphous, etc. (See also g 74, 90, 95, 194.) 

Protoplasm is coagulated by absolute alcohol and by glycerine. 
It becomes clear with solution of caustic potash, cloudy with 
acetic acid. Nuclei are generally stained more deeply than pro- 
toplasm by aniline-violet, etc., and by iodine. They are coloured 
deep blue by a solution of hsematoxylin (1 : 30) and alum (1 : 10) ; 
the former alone also produces the same effect if the section has 
been previously treated with picric acid and the excess of the 
latter completely removed (Schmitz). Crystalloids dissolve in 
dilute potash, ammonia, and acetic acid. 

Frecipitation, — Albuminous substances are precipitated by ferro- 
cyanide of potassium and acetic acid, by aqueous solution of 
trichloracetic acid, and by solution of xanthogenate of potassium. 
The precipitate produced by the last reagent becomes ilocculent 
on heating to 30" (ZoUer). (See also ^ 95, 231, 232.) 

§ 93. Estimation of Legumin and Globulin. — ^Part of the filtrate 
(25 to 60 cc.) is acidified with hydrochloric acid in the cold. By 
this means such substances as legumin are precipitated; they 
should be collected on a tared filter, washed first with water 
acidified with hydrochloric acid, then with 40 per cent, spirit, 
dried and weighed, deducting ash (§ 225 et seq.). If hydrochloric 
acid has caused a precipitate, a fresh portion of the filtrate should 
be tested for globulin by saturating with carbonic acid. It should 
also be ascertained microscopically whether the precipitate (if any) 
is crystalline or amorphous. (Cf. ^ 226, 227.) 

§ 94. Estimation of Albumen. — To the filtrate from the legumin 
(without the spirit-washings), 5 to 10 cc. of a concentrated solution 
of chloride of sodium are added, together with enough acetate 
of soda to remove all the hydrochloric acid, and the whole 
raised to the boiling-point. If flocks of albumen separate they 
must be collected, washed first with boiling water, afterwards 
with 40 per cent spirit, dried and weighed, deducting ash. 

In the absence of legumin 25 cc of the aqueous extract may 
be mixed with 5 cc. of a concentrated solution of chloride of 
sodium and a few drops of acetic acid smd treated as described 
in the foregoing paragraph. (See also § 230.) 
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§ 95. Estimation of Total Albumen, (a) Predpitaiion wUh 
Tannin, — Another portion (25 cc.) of the aqueous extract is 
mixed with half its volume of a concentrated solution of salt and 
a solution of tannin and acetic acid in dilute alcohol (20 grams 
tannin, 37*5 cc. glacial acetic acid, 400 cc spirit made up to a 
litre with water) added as long as a precipitate is produced 
This is then rapidly filtered off, washed* with water and dried. 
The albumen contained in it may be determined by estimating 
the nitrogen and multiplying by 6*25 (see § 224), or by extracting 
the tannin from the powdered precipitate by boiling with alcohol, 
collecting and weighing the residue. (Cf. § 229.) 

This estimation of albumen should be compared with the 
previous estimations of legumin (§ 93) and albumen (§ 94). If the 
determination by tannin yields a higher result, the difference may 
be taken to represent albuminous substances not precipitated by 
hydrochloric acid or by boiling with acetic acid. (Compare also 
the remarks on peptone in § 233.) 

As already observed in § 51, in working with substances con- 
taining a large quantity of tannin, the results obtained by pro- 
ceeding as directed in §§ 92, et seq,, cannot be quite accurate, as part 
of the albuminous matter is retained by the tannin in the residue 
insoluble in water. This undissolved albumen may be determined 
as directed in §§ 96, 224. 

Amongst the substances which facilitate the solution of albumen 
we may include arabin. Giinsberg^ has proved that albumen, of 
animal origin at least, is precipitated by gum from slightly acid 
solutions, but redissolved by an excess. Dextrin is said to differ 
from gum in not redissolving the precipitated albumen when 
added in excess. 

§ 96. Total Nitrogen, — It is advisable to determine the total 
nitrogen in the substance under examination before and after 
exhaustion with water ; the difference represents the nitrogen in 
the substances removed by that menstruum. If from this differ- 
ence the nitrogen contained in the albumen estimated according 
to §§ 93 to 95 is deducted, the remainder will be nitrogen that 
has been dissolved by water in the form of ammoniacal salts, 
amides, alkaloids, nitrates, etc. The following estimations should 
be made with the object of determining as far as possible in what 
state this remaining nitrogen exists. 

1 Journ. f. pract. Cbem. Ixxxviii. 239. 
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§ 97. Ammonia.'^ — A portion of the aqueous extract (§ 92) is 
mixed with two rolumes of alcohol and filtered. To the filtrate 
and washings calcined m^nesia is added, and the ammonia 
distilled off into a receiver containing a meaaured quantity of 
normal sulphnric or hydrochloric acid, every precaution being 
taken to avoid loss of ammonia and spirting of the magnesia 
mixture into the receiver. The apparatus I use ie represented in 
Fig. 2. The flask A should not be more than half full of magnesia 



Fig. 2. 

mixture, and a plug of glass wool should be inserted in the neck. 
The small tube e contains glass beads, which are moistened with 
part of the acid. The distillation is complete when the vapours 
that issue on opening the clip h are free from alkaline reaction. 
The estimation may bo completed in either of the two following 
ways : 

(a) The excess of acid in the receiver is determined volumetri- 
cally and deducted from the quantity taken. From the differ- 

I Compare aim Morgea, Zeitschr. f. uwl. Chem. xx. 37 (18S1). 
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ence the amount of ammonia may be calculated in the usual 
way. 

(6) The ammonia may be distilled into hydrochloric acid, the 
liquid evaporated to dryness, the residue alternately moistened 
and dried two or three times, and the chlorine estimated volu- 
metrically by nitrate of silver and chromate of potasL From the 
chlorine found the amount of ammonia may be calculated. 

Another method for the estimation of ammonia is that pro- 
posed by Schloessing. A few grams of the material made into a 
paste with water, or better, a concentrated aqueous extract, is 
mixed with milk of lime and placed over a measured quantity of 
volumetric sulphuric acid under a bell jar. The ammonia liberated 
by the lime is absorbed by the sulphuric acid, and after standing 
two or three days at a temperature as nearly constant as possible 
(8° to 10**), the amount of acid thus neutralized may Ijp ascertained 
by estimating the excess with volumetric solution of soda, and 
from this the ammonia may be calculated. 

It must be admitted^ that in all these experiments the action 
of the lime or magnesia on albuminous substances may result in 
the formation of ammonia. It is advisable, therefore, to remove 
such substances by precipitation with basic acetate of lead before 
distilling. Glutamine and asparagine, however, remain in solu- 
tion. These substances, when pure, are not acted upon by either 
lime or magnesia, but Schulze believes that they undergo a partial 
decomposition in mixtures, and therefore recommends boiling 
with hydrochloric acid for one to two hours (compare remarks 
on asparagine, § 191), by which they are completely resolved 
into the corresponding amido-acids and chloride of ammoniuuL 
The estimation of ammonia now includes the total ammonia 
derived from the asparagine and glutamine. These two sub- 
stances may, however, be determined by Sachsse's method, and 
the ammonia they yield calculated and deducted 

If the precautions mentioned have been observed, the first 
method (a) will generally yield satisfactory results. 

§ 98. AnUdo-CompoundSj etc. — The foregoing 'estimation will be 
inaccurate if the material imder examination contains amido-com- 
pounds, etc., or volatile alkaloids, as the former yield ammonia and 
the latter distil over and saturate part of the acid. Many amines, 

^ Compare E. Schulze, Zeitachr. f. anal. Chem. zvii. 171 (1878) ; Joum. 
Ohem. Soc zzxiv. 808. 
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etc., thus liberated, yield with perchloride of platinum double salts 
(§ 183) that are soluble in ether-alcohol, and error may therefore 
be frequently avoided by precipitating a second portion of the 
distillate mth excess of perchloride of platinum, evaporating on 
the water-bath, extracting the residue with ether-alcohol, drying 
and weighing instead of titrating the excess of acid with an alkali. 
If both experiments yield the same result it may be concluded 
with tolerable certainty that no amides, or only traces, are present. 
If the estimation by the first method gives a higher result than 
that by the second, the former is to be regarded as the more 
accurate, and the excess noted as amido-compounds, etc. If, on 
the other hand, the estimation by platinum is higher than that 
by titration, the presence of an amide forming a double platinum 
salt insoluble in ether-alcohol and of a higher molecular weight 
than ammonia would be indicated. In the method of deter- 
mining ammonia described in § 97, b, certain chlorides of amines 
and alkaloidal substances, as for instance coniine and nicotine, 
would be almost completely volatilized, and thus escape esti- 
mation. 

The separation of ammonia from many amines may frequently 
be effected by taking advantage of the difference in solubility of 
the chlorides, sulphates, and oxalates of the respective bases in 
alcohol. In preparing larger quantities of the base for closer 
investigation, the material might be distilled with magnesia or 
lime (97 a), the distillate received in one of the above-mentioned 
acids, and evaporated to diyness on the water-batL The residue 
might be extracted with alcohol, the solution again evaporated 
to dryness, and the distillation with alkali repeated, if possible, 
in a current of hydrogen. (Cf. § 239.) 

§ 99. NUric Acid. — For the estimation of nitric acid another 
portion of the aqueous extract of § 71 is taken and treated by 
Schulze's* or Wulfert's^ method. • 

Schulze directs the liquid to be treated first with pure potash, as 
long as ammonia is evolved, then with permanganate of potassium 
(free from nitrate) till the colour is permanent after ten minutes' 
boiling. Excess of permanganate is removed by formic acid, the 
solution neutralized with pure sulphuric acid and evaporated to 
about 10 cc. This is then introduced into the flask A of the 

^ Zeit8chr. f. anal. Chem. vii. 392. 
^ Landw. VenachsBtationen, xii. 104. 

6-^2 
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apparatos recommended by Schulze^ (Fig. 3), a weighed qaautity 
of powdered aluminium added, and solution of caustic soda slowly 
nm in ; from the deficit in the amount of hydrogen yielded the 



Fig. 3. 

nitric acid present may be calculated. The following are the 
details of the operation i 

A measured quantity of solution of caustic soda is introduced 
into the pear-shaped flaak B. The end of the glass-rod c is 
accurately ground into the deliyeiy-tube of B, so that no soda 
can escape into A until the rod c is raised. The tube is 

' Zeit«chT. f. sn*l. Chem. ii. 376, •nd tLSTS. 
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graduated, and communicates with D by means of an indiarubber 
tube. Both C and D are filled with water till the zero in C is 
reached, the water standing at the same height in D. The solution 
of soda is then allowed to flow slowly into A (which already con- 
tains the liquid and powdered aluminium), so that the experiment 
may last from two to three hours. The hydrogen evolved causes a 
rise of the water in D, but by occasionally opening the clip at g, it 
may be maintained at about the same level in both tubes. Care 
must be taken at the end of the experiment that the level is exactly 
the same before the final reading is takea From the volume of 
gas thus found the volume of the caustic soda introduced from B 
must be deducted, and the remainder corrected for temperature. 



Fig. i. 

pressure, and tension of water-vapour. A previous blank experi- 
ment having shown the amount of hydrogen obtainable from the 
aluminium taken, the nitric acid may be calculated from the 
deficit, i molecules of hydrogen corresponding to 1 of nitric 
acid or nitrate of potassium. 

5 100. Wulfert's method is a modification of Schloessing's 
devised by Schulze : 05 to 1-0 gram of the powdered substance is 
boiled with water to which a little milk of lime has been added, 
filtered and washed ; the filtrate and washings are then evaporated 
to 30 or 40 cc, and again filtered The filtrate is neutralized with 
hydrochloric acid and introduced into the flask A (Fig. 4), the 
neck of which has been drawn out so as to admit of connection 
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by means of an indiarubber tube with the bent glass tube a. The 
longer leg of the latter is similarly connected with a second bent- 
glass tube c, communication being regulated by a clip at h. The 
clip being opened, the atmospheric air in the flask is completely 
expelled by boiling the liquid down to at least one-fourth of its 
original bulk. The end of the glass tube c is then introduced 
into a precipitating glass containing about 30 cc. of a concentrated 
solution of ferrous chloride, and, after allowing a little steam to 
escape, the clip at h is closed and the lamp removed. As soon as 
a partial vacuum has been produced in A^ the clip is cautiously 
opened, and about 20 cc. of the iron solution allowed to enter. 
The precipitating glass is then filled with hydrochloric acid 
(sp. gr. 1*12), and 25 to 40 cc. introduced in a similar manner, so as 
to sweep the iron solution out of the tubes into the flask. After 
closing the end of the tube c with an indiarubber stopper, it is 
introduced into a mercury-bath and brought under a cylinder B^ 
previously filled with mercury. The stopper is now removed, 
and the flask again heated until the pressure in the interior is 
nearly equal to that of the atmosphere. By opening the clip 5, 
and regulating the pressure with the finger and thumb, the 
mercury is allowed to rise in the tube so as to drive most of the 
hydrochloric acid into the flask ; it must, however, itself be 
carefully prevented from passing into the latter. After the 
external pressure has been overcome, the heat is so regulated that 
half the liquid in the flask distils over in eight to ten minutes. It 
is then certain that all the nitric oxide that has been formed has 
been driven into JB. The latter is provided with a glass-tap d^ 
and can be connected air-tight with a measuring tube /. After 
cooling, the measuring tube filled with mercury is fitted on to 
the cylinder, and the nitric oxide transferred to it by opening the 
tap and sinking the cylinder. The amount of nitric acid may 
then be calculated from the volume of nitric oxide found. ^ 

§ 101. Sclerotic, Cathartic Acid, etc. — If the total amount of 
nitrogen in the aqueous extract (§ 96) is now found, on com- 
parison, to be larger than that present as albuminoids, alkaloids, 
ammonia and nitrates already estimated, the excess may be 
reasonably ascribed to certain albuminous substances not pi*e- 

^ On the estimation of nitric acid in cultivated plants, see also Schloessing, 
Jonm. f. pract. Chem. lii. 142 ; Frfihling und Gronven, Lanlflwirthach. 
Yersuchsst. ix. 9, and 150 (1867) ; Reichardt, Zeitschr. f. anaL Chem. ix. 24 
(1870) (Jonm. Chem. Soc. xxiv. 439). 
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cipitated in §§ 93, 94, or certain amido-acids, such as sclerotic 
or cathartic acid, etc. (For the latter see § 242.) 

EXAMINATION FOR INUUN. 

§ 102. Extraction and Estimation, — It has already been mentioned 
in § 75 that in dried drugs the majority of this carbohydrate is 
present in the form of an insoluble modification ; in fresh it is 
always dissolved in the cell-sap. Dried drugs may accordingly be 
treated first with cold water as directed in g 71, 92, and the 
residue digested for some time with water at 55** to 60° (not 
higher). At this temperature inulin passes into solution. From 
a measured volume of the aqueous extract it may be precipitated 
by the addition of three volumes of alcohol; and if for every 
100 cc. of mother liquor a correction of 01 gram of inulin is 
made, it may be thus estimated with tolerable accuracy.^ 

Characters. — Inulin is not precipitated in a gelatinous or curdy 
form, but in a pulverulent condition. It has already been ob- 
served that an aqueous solution is laevo-rotatory, and that boiling 
with a dilute acid converts it into laevo-rotatory fruit-sugar 
(levulose). Inulin may be satisfactorily estimated by converting 
it into levulose and titrating with Fehling's solution. Of course, 
the above mentioned correction must be made. 

I should not, however, proceed to the extraction with water at 
55** to 60** unless a preliminary experiment had indicated the pro- 
bable presence of inulin. 

Microscopical. — In dried drugs inulin usually appears, under the 
microscope, in the form of agglomerated masses in the parenchy- 
matous cells. If fresh parts of plants that contain inulin are 
allowed to stand for several days in strong spirit, it is deposited 
in very characteristic sphsero-crystals, which dissolve in acid and 
alkali without swelling. 

Inuloid, which is said to occur in spring in the rhizomes of 
plants of the natural order Compositse, may also form similar 
sphsero-crystals, as do also marattin and a substance found in 
Acetabularia mediterranea which has not yet been closely investi- 
gated. (Cf. § 81.) 

Inuloid is said to be distinguished from inulin by its somewhat 
greater solubility in water.* 

^ Compare my ' Mateiialien za einer Monographie des Inulins.' St. Peters- 
burg, 1870. 
' Compare Anmd. d. Chem. u. Pharm. clvi. 190. 
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VI. 

Examination of Substances Soluble in Dilute Caustic 
Soda ; Metarabic Acid, Albuminous Substances, Phloba- 
phenes, etc. 

§ 103. Extraction. — The residue insoluble in water (§ 71) is sus- 
pended, whilst still moist, in water containing a known quantity 
(about O'l to 0*2 per cent.)^ of caustic soda in solution, using 
about 10 cc. of alkaline liquid for every gram of original 
substance. After standing for about twenty-four hours, with 
frequent agitation, the mixture is filtered. From 20 cc. to 50 cc. 
of the filtrate are acidified with acetic acid, mixed with 3 volumes 
of 90 per cent, alcohol, and allowed to stand for twenty-four 
hours in a cool place. The precipitate is then collected on a tared 
filter, washed with 75 per cent, alcohol, dried, and weighed, de- 
ducting ash. This precipitate usually consists of mucilaginous 
substances (pectin) and albuminoids. The former generally cor- 
responds to Scheibler's metarabic acid (§ 195). 

§ 104. Detection and Estimation of Albumen, — If Lassaigne's test 
shows the presence of a considerable quantity of albuminous sub- 
stances, these should be estimated and deducted. To this end 
another portion of the filtrate is precipitated as in § 103, the 
nitrogen in the precipitate estimated and calculated into albu- 
minoids (§ 224). This amount is then deducted from the weight 
of the precipitate in § 103. (See also §§ 226 et seq; 236 to 238.) 

§ 105. Estimation, — But the amount of albuminous substances in- 
soluble in water thus found cannot be noted as such in the summary 
of results unless it corresponds to that calculated from the nitrogen 
in the residue insoluble in water, as directed in § 96. If the latter 
is lower, it is to be regarded as the more accurate of the two ; the 

^ Not more, otherwise starch is attacked. 
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explanation of this is to be found in the fact alluded to in § 92 et 
seq,y viz., that the material treated according to § 103 has been ex- 
hausted with ether and alcohol previous to being extracted with 
water, and that therefore the quantity of albuminoids taken 
into solution is smaller than that extracted according to § 92. 
But since the soluble albuminoids are determined in material that 
has not been subjected to the action of ether, etc., it follows that 
the nitrogen in the residue after exhaustion with water should 
guide us in estimating the insoluble albuminoid& 

It should be observed that one extraction with dilute caustic 
soda is often insufficient to remove all the substances soluble in 
that menstruum. The treatment should therefore be repeated a 
second and, if necessary, third tim& 

§ 106. Albuminoids not Dissolved by Dilute Soda, — There still 
remains the question whether the assumption is admissible that 
all albuminoids insoluble in water are dissolved by the dilute 
caustic soda used in § 103. I can only reply that in a large 
number of experiments made by Stackmann, KoroU, and Cramer- 
Dolmatoff,^ the residue after extraction with water, alcohol, and 
soda was always tested for nitrogen, with the result that in 
none but substances very rich in suberin could it be said that 
a little was often present. Of course, it would be possible 
to apply Lassaigne's test to the residue after extraction with 
dilute soda; if evidence of nitrogen be obtained, the amount 
should be estimated and calculated as "albuminoids insoluble 
in dilute soda." In experiments made by Treflfner^ on mosses 
in my laboratory it was found that the amount might occasionally 
be very considerable. At all events, if nitrogen is present, the 
quantity should be determined. (Cf. §§ 232, 238^.) 

§ 107. Substances Dissolved by Dilute Soda, not Precipitated by 
Alcohol. — The filtrate and washings from the precipitate obtained 
in § 103 are evaporated to dryness, and the calculated amount of 
acetate of soda deducted from the dried residue. (See § 237.) 
The remainder represents the substances soluble in dilute caustic 
soda, not precipitated by acetic acid and alcohol. If the residue 
dissolves completely in a few cc. of water it may be concluded 
that no substance allied to phlobaphene, soluble in alcohol, is 
present. In that case the organic matter (apart from the acetate 

1 See the dissertations, etc., subsequently quoted. 

2 Dissertation. Dorpat, 1881. 
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of soda) is sometimes a decomposition product of metaraMc acid or of 
allied mucilaginous substances. The action of caustic soda on the 
latter often results in the formation of products that are not pre- 
cipitable by alcohol But this body that thus remains in solution 
on adding alcohol will be more often found to belong to the 
albuminoids. (See § 235.) 

§ 108. Fhlobaphene. — A brown residue insoluble in water would 
frequently consist of phlobaphene. (See also § 48.) It should be 
collected on a tared filter, washed, dried, weighed, and deducted 
from the evaporation-residue in § 106 before the weight of the 
substances derived from mucilage, caseine, etc., can be arrived at 
(See also § 246.) 

The polypork acid, isolated by Stahlschmidt,* may also be 
mentioned hera It is insoluble in water, ether, benzene, bisul- 
phide of carbon, and glacial acetic acid, sparingly soluble in warm 
chloroform, alcohol, and amylic alcohol, but dissolved by dilute 
ammonia, forming a violet liquid, from which it is precipitated 
by hydrochloric acid. It crystallizes in rhombic plates, and melts 
at about 300". 

^HumusJ — I am convinced that the * humus ' mentioned in old 
plant-analyses was in reality partly phlobaphene and its decom- 
position-products. In the majority of vegetable substances 
humus is not to be found, unless they are already in a state of 
decomposition. Perhaps some thick barks and lignified fungi 
might yield substances with characters resembling those possessed 
by humus. To solvents such substances would, it is true, show a 
behaviour similar to that of the phlobaphenes ; but in distinguish- 
ing them we may take advantage of the fact that the majority of 
the so-called humic substances contain hydrogen and oxygen in 
the proportion in which they exist in water, and that humus does 
not yield the decomposition-products mentioned in § 42 when 
acted upon by fused caustic potash. 

^ Annal. d. Chem. und Pharm. clxxxvli. 177 (1877) (Joum. Chem. Soc. 
xxxii. 620). 
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VII. 

Examination of Substances Soluble in Dilute Hydro- 
chloric Acid ; Pararaein, Oxalate of Calcium, etc., and 
Starch. 

§ 109. Method of Extraction. — The insoluble residue from § 103 
is washed with water (which is best accomplished either by de- 
cantation or as directed in § 71), and suspended in water con- 
taining 1 per cent, of hydrochloric acid. It is advisable to adhere 
to the same proportion of menstruum to material as already 
recommended. The method of procedure now depends mainly 
upon the presence or absence of starch and of pararabin (or allied 
substance). The former may be recognised under the microscope 
by the blue colour the granules assume when treated with* an 
aqueous solution of iodine.^ 

§ 110. Estimation of Oxalate of Calcium, — The simplest case 
would be that in which neither starch nor pararabin is present. 
The only object in digesting with dilute hydrochloric acid would 
then be to extract oxalate of calcium. To effect this the digestion 
should be continued for about twenty-four hours at a temperature 
of 30°. A measured quantity of the filtrate may be neutralized 
with ammonia, or mixed with a known quantity of acetate of soda 
sufficient to convert all the hydrochloric acid into chloride of 
sodium. The oxalate of calcium, which separates out insoluble 

^ If large quantities of mucilaginous (? albuminous) substances are present, 
this colouration is not perceptible on directly moistening a transverse section 
with iodine water. The mucilage (or albumen) must be first removed by treat- 
mtot with a dilute (O'l per cent) solution of caustic soda. A stronger 
solution should not be employed, as it might act upon the starch itself. If the 
residue from § 103 is examined, the treatment with alkali is of course unneces- 
sary. For a classification of starches, according to the shape of the granule, 
see Nageli's ' Monographic der St&rkekomer,' Basel, 1858 ; and Yogi, Zeitschr. 
d. osterr. Apoth. Yer. 1866, pp. 290, 310. 
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in acetic acid, is allowed to settle, and when the supernatant liquid 
is perfectly clear it is poured off, and the precipitate transferred 
to a fine filter, washed and dried. It may then be converted 
either into carbonate by gentle, or into oxide by strong ignition, 
and from the weight of either the amount of oxalate calculated. 
The filtrate and washings are evaporated to dryness, and the 
residue weighed. As the amount of chloride of sodium and un- 
decomposed acetate is known, it will thus be ascertained if other 
substances (albuminoids, § 223 ei seq,) have been dissolved by 
dilute hydrochloric acid. 

Instead of estimating the oxalate as carbonate or oxide, the 
washed precipitate may be dissolved in dilute sulphuric acid, and 
the oxalic acid determined by titration with permanganate of 
potassium- (Cf. g 81, 219.) 

Microscopical EzamincUion, — Oxalate of calcium is always de- 
posited in plants in the crystalline condition, and its presence 
may therefore be confirmed by microscopic examination. The 
crystals must be insoluble in water, alcohol, and ether, but soluble 
in dilute hydrochloric acid. 

It should also be ascertained, by means of the microscope, if all 
the oxalate has been dissolved by the treatment directed in § 109. 
If that is not the case, the maceration with dilute acid should be 
repeated. 

§ 111. Estimation of Oxalate of Calcium and Pararahin, — If the 
oxalate of calcium is accompanied by pararabin, but not by starch, 
the maceration is continued for twenty-four hours as before ; but 
previous to filtering, the whole is rapidly raised to the boiling- 
point in a flask provided with an upright condenser. A measured 
quantity of the filtrate (filtered whilst hot) is neutralized with 
ammonia, and mixed with 2 to 3 volumes of 90 per cent, alcohol. 
The precipitate, which contains oxalate of calcium and pararabin, 
is collected on a tared filter, washed with 60 to 70 jy&r cent 
alcohol, dried, and weighed. It is then incinerated, the ash cal- 
culated to oxalate of calcium, and deducted from the weight of 
the precipitate. The remainder is the weight of the pararabin. 

The filtrate and washings from the precipitate may be evapo- 
rated to dryness as directed in § 110, in order to ascertain if other 
substances have been dissolved. Here, too, albuminous substances 
may possibly be found, and they may also be present in the 
precipitated pararabin. Should that be the case, they may be 
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esthnkted by determining the nitrogen in a portion of the preci- 
pitate. (Of. § 233.) 

§ 112. Estimation of PararaUn alone.-^li pararabin^ alone is 
present, the estimation may be conducted as described in § 111, 
with the exception, of course, that the determination of calcium is 
unnecessary. After precipitation with alcohol, pararabin swells 
in contact with water, but does not dissolve unless an acid be 
added. It is precipitated by alkalies, and does not yield arabinose 
under the influence of dilute sulphuric acid. (Cf. § 245.) 

§ 113. Estimation of Starch and Oxalate of Calcium, — ^If pararabin 
is absent, but oxalate of calcium and starch- are present together, 
the material under examination may be boiled (not digested on a 
water-bath) with 1 per cent, hydrochloric acid for four hours in a 
flask provided with an upright condenser. The flask is weighed 
before and after boiling, and any water that may have been lost 
by evaporation replaced. In one portion of the filtered liquid the 
oxalate of calcium may be determined as directed in § 110, and 
in another the glucose produced from the starch estimated by 
titration with Fehling's solution (§ 83). 

The modification necessary when starch alone is present needs 
no special description. 

§ 114. Estimation of Oxalate of Calcium, Starch, and Pararabin, — 
The following is the method I have adopted when oxalate of 
calcium, starch, and pararabin are present together. Water is 
added to the substance under examination in the proportion of 
10 cc. for every gram, and the whole brought to the boiling-point. 
After cooling to 40° or 50°, a centigram or more of good, active 
diastase is added, and the maceration continued at the same 
temperature until the starch-paste is completely liquefied. The 
residue, after filtering and washing, is treated according to § 111. 
A measured quantity of the filtrate containing the maltose and 
dextrin produced from the starch is acidified with hydrochloric 
acid and boiled as directed in § 113, the glucose being finally 
estimated with Fehling's solution and calculated into starch. 

§ 115. Estimation of Starch alone, — If a vegetable substance, 
especially one rich in mucilage, metarabic acid, pararabin, gluco- 
sides, etc., is to be examined for starch without previous treat- 

1 Compare Reichardt, Ber. d. d. Chem. Ges. viii. 807 (1875) (Jonm. Ohem. 
Soc. XX viii. 1179). 
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ment with various solvents, a method that I published in 1861^ 
may be adopted by which the substances that accompany the 
starch are removed The powdered material is mixed with 
30 parts of a 4 per cent solution of caustic potash in alcohol, and 
heated to 100*" for a day or two in a well-closed flask. After 
filtering and washing with spirit till free from alkaU, the substance 
on the filter is exhausted with water; and to effect this it is 
advisable to transfer it to a beaker. The residue insoluble in cold 
water is boiled with dilute hydrochloric acid, and treated as 
directed in § 113. The caustic potash acts upon the foreign sub- 
stances which interfere with the direct estimation of the starch, 
rendering them soluble partly in alcohol, partly in water, whilst 
the starch itself is not attacked. (See § 243.) 

^ Joum. f. Landwirthsch (May, 1862), and Pharm. Zeitschr. f. Russland, 
i. 41. For the estimation of starch as glucose after the action of dilute 
Rulphuric acid, see Muaculus, Chem. Centralbl. 1860, p. 602 (Am. Joum. 
Pharm. xxxii. 433) ; and Philipp, Zeitschr. f. anal. Chem. N. F. iiL 400. Sachsae 
(Zeitschr. f. anal. Chem. xvii.231, 1878; Year-book Pharm. 1878, 97), has shown 
that the inversion is better efifected by hydrochloric acid — 1 per cent, of the 
weight of the liquid. Both Sachsse and Nageli found that the analyses of 
starch were more accurately expressed by the formula 6CgH2o05 4- H^O, than 
by that usually adopted, viz., CfH^oOg. 
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VIII. 

Determination of Lignin and Allied Substances and 

OF Cellulose. 

§113. Ligniny Incmsiing and Cuticidar Substances, — The residue 
of the powder insoluble in all the foregoing menstrua, after 
treatment as directed in § 109, is washed with water, dried, 
and weighed. After having been again finely powdered, it is 
macerated in freshly prepared chlorine-water (in the proportion of 
about 100 cc. for every gram of substance), until the colour 
changes to a pale yellow. If 2 to 3 days do not suffice, the chlorine- 
water must be drawn off and replaced by fresh, and this treat- 
ment repeated if necessary. It is finally collected on a tared 
filter, and washed first with water, then with very dilute (0'3 per 
cent) solution of caustic potash until the washings are colourless, 
the alkali being ultimately removed by pure water. llie loss in 
weight after drying represents the amount of HgniUj the so-called 
incrusting svhstanceSy the majority of the siiberin and ctUicular sub- 
stance. (C£ § 247.) Bromine-water has been proposed in the 
place of chlorine-water, but it does not act so energetically. 

With regard to the nUcrochemkai examination, I may observe 
that lignified tissues absorb f uchsin from its aqueous solution, and 
retain it so tenaciously that they appear stained deep-red even 
after maceration in glycerine, which removes all the colouring 
matter from non-lignified tissue. Sussow^ recommends the object 
to be placed on a slide with a drop of dilute aqueous solution of 
aniline-red. A drop of glycerine is then brought into contact 
with the edge of the coverslip on the slide, and left for twenty- 
four hours. Stiles^ macerates in a dilute solution of chlorinated 
lime (1 in 60), then transfers for an hour to a solution of hypo- 

1 Sitz-ber. d. Doipater Natnrf. Geflellflch. 1880, p. 419. 

2 Phann. Joum. and Trazu. [3], vi 741. 
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3ulphit6 of soda (1 in 32), washes with alcohol, and finally removes 
to a dilute alcoholic solution of acetate of rosaniline (1 in 960), 
the excess of which is washed out with spirit. Aniline-blue is 
said to impart a fine blue or violet colour to the parenchyma of 
the medullary rays, etc. The solution is made by dissolving 
0*0325 gram of aniline-blue in 3*88 gram of water, adding 
0*5 gram of strong nitric acid and spirit to 48 grams. After 
staining red as directed by Stiles, the section may be immersed 
for a few minutes in the solution of aniline-blue, washed with 
spirit and finally treated with cajeput oil or turpentine. 

Wiesner^ has described a qualitative reaction for woody tissue, 
which consists in moistening the section with a 0*5 per cent, 
solution of phloroglucin, and subsequently treating with hydro- 
chloric acid. The lignified tissue assumes a reddish or violet colour. 

§ 117. Estimation of Cellulose. — ^The residue, after treating as 
directed in § 116 and weighing, is a mixture of cellulose, inter- 
cellular substance, remains of the cuticular substance, etc., together 
with a little ash (and possibly also sand). It may be removed 
from the filter (which should be reserved), powdered, and 
introduced into a flask containing 50 to 100 cc. of nitric acid 
(sp. gr. 1 '16 to 1*18) ; 1 to 2 grams of chlorate of potash are then 
added, and the mixture allowed to stand in a cool place with 
occasional agitation until the insoluble matter appears almost 
white. If this is not effected in a day or two the mixture may 
be warmed for one or two hours to about 40** C. (not higher), and 
again allowed to stand. If this is not successful the strength of the 
nitric acid may be increased until it reaches a specific gravity 
not exceeding 1 '20. After the action of the acid has been continued 
long enough, it may be diluted with water and filtered, taking 
care to pour the supernatant liquid on to the filter, leaving the 
insoluble matter as long as possible in the flask. After washing 
free from acid, it is treated with dilute ammonia (1 in 50 of 
water) as long as that is coloured brownish, and finally with 
alcohol and, if necessary, with ether. The residue is dried and 
weighed. The loss in weight usually represents intercellular 
substance and certain carbohydrates allied to cellulose, but less 
resistent (hydrocelluloses), etc. (See §§ 245, 246.) The residue 
on the filter consists of cellulose ^ith a little ash (silica, sand, 
etc.), that may be estimated and deducted. (See also § 248.) 

^ Zeitschr. f. anal. Chem. xvii Sll, 1878 (Joum. Chem. Soc. xzxiv. 612). 
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CON'CLUDING REMARlCS. 

§118. In compiling the foregoing method of analysis, one 
object that I had in view was to show how, when working upon 
a small quantity of material, say 30 to 50 grams, an insight into its 
composition might be gained, so that at least the presence or 
absence of the more important constituents of plants might be 
ascertained. I wished to show further how the constituents 
actually present might be estimated, even if no more than the 
above-mentioned quantity was available. I had therefore to 
devise a combination of qualitative and quantitative analysis, and 
the fact that a considerable number of the same constituents occur 
in the majority of plants justified me in making the attempt 

Means have also been indicated by which attention would be 
drawn to the presence of substances that occur only in single 
plants or in smaller groups of the vegetable kingdom. In this 
respect the foregoing method is of course but an introduction, the 
special application and perfection of which for each separate case 
must be left to the investigator himself. Processes for the quan- 
titative estimation of certain substances, and especially such as 
are of considerable practical importance in medicine, agriculture, 
etc., have already been recommended, and will be followed by 
others in the second part of the work. . 

§ 119. ^t must be admitted that many of the proposed methods 
of detection and estimation cannot boast of the accuracy attain- 
able in «the analysis of some inorganic substances. For this 
reason I advise beginners to refrain from calculating their analyses, 
as is frequently done, to the fourth and even fifth place of deci- 
mals. Such calculations often mislead readers less acquainted 
with the subject to attach to the separate determinations an im- 
portance to which they are not entitled. I consider it ample to 
carry the calculations to the second decimal place. 

To those who ask of what use analyses are, the accuracy of 
which I have myself this moment questioned, I reply that the 
object of analyzing a vegetable substance, as for instance ergot, is 
not so much to ascertain the exact composition of a fungus pro- 
duced on a certain ear of rye in a certain field, but to obtain 
information as to the approximate composition of ergot in genera], 
the specimen under examination being taken as a representative 
of the drug. Attention must be specially drawn to the fact that 

7 
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in different years and different localities the proportions in which 
the constituents of ergot occur present certain variations. 

If, on the other hand, an approximate analysis is not required, 
but in its stead a fairly accurate comparison of specimens gathered 
in different fields, then it must be borne in mind that only certain 
practically valuable constituents have to be taken into account^ for 
the estimation of which more accurate methods may not unfre- 
quently be devised. This we are generally able to accomplish, 
for we are in a position to elaborate the necessary mode of treat- 
ment, to determine the extent of the errors involved, and the 
corrections to be made for them, and to make several estimations 
from the same material from which a mean may be calculated* 
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Special Methods for the Estimation of certain Consti- 
tuents OF Plants, Supplementary Notes to the Pre- 
ceding Experiments. 

pats and their constituenis ; cholesterin, filicin, etc. 

§ 120. Estimation of Fixed Oils,— For reasons given in § 8, 1 
recommended the use of benzene some twenty years ago^ for 
extracting fixed oils. Petroleum spirit, which I subsequently 
introduced for the same purpose, has the advantage over benzene 
of being more volatile and possessing a lesser solvent power for 
resins, etc. (Cf. § 36.) The use of benzene was afterwards 
advocated by Hoffmann^ also, who gave it the preference over 
ether and bisulphide of carbon. Other methods for estimating 
fixed oils have been described by Munch.* Various forms of 
apparatus that may be used have formed the subjects of commu- 
nications from Storch,* Wagner,^ Simon,^ ToUens,'^ Schulze,® 
Tschaplowitz,® Medicus,^*^ Siewert,^^ Hirschsohn,^^ Keyser,^* and 
others. 

The apparatus represented in Fig. 5 is that last devised by 
Tollens. It consists of a weighed flask, A, holding about 100 cc., 
to which is tightly fitted, by means of a perforated cork, a glass 
tube B ; the latter is about 30 mm. in diameter at its upper, and 

^ Pharm. Zeitschr. f. Rusaland, i. 44, 1862 ; Anm. Zeitschr. f. anaL Chem. 
1490. 

3 Zeitschr. f. anal. Chemie, vi. 368, 1867. 
» N. Jahrb. f. Phann. zxv. 8, 1866. 

* Zeitschr. f. anal. Chemie, vxi 68, 1868. ^ Ibid. ix. 354, 1870. 
« Ibid. xii. 179, 1873 (Joum. Chem. Soc. xxvii. 293). 

7 Ibid. xiv. 82, 1875, and xvii. 320, 1878. » lyd. xvii. 174, 1878. 

• Ibid, xviii. 441, 1879. ^^ Ibid. xix. 168, 1880. 
^^ Landw. YersuchsBt. xxiii. 317, 1879 (Joum. Chem. Soc. xxxvi. 558). 

12 Archiv d. Pharm. [3], x. 486, 1877. " Yatul Tidakr. 1880, Nos. 9 and 19. 
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5 to 7 at its lower extremity ; the former communicates l»y means 
of perforated corks with the condenser D. A glass tube, E, about 
20 mm. in diameter, is supported upon a bent glass rod, F, in such 
a manner that the condensed vapour from C drops directly into 
it. In this tube, E, the substance to be examined is carefully 
packed ; a piece of filtering-paper is then tied over the lower end, 
and a small circular filter laid upon the surface of the packed 
substance/ During the extraction the heat is so regulated that 
the material is constantly covered by a layer of ether 1 to 2 cm. 
thick. 

§ 121. llesinijication, — The rapidity with which an oil resinifies 
may be ascertained by exposing it to the air in thin layers and 
noting the daily increase in weight Parallel experiments should 
be made with almond and linseed oil under precisely similar con- 
ditions. The oil used should be quite free from any trace of 
petroleum spirit. 

§ 122. Elaidin Test — This test (S 12) consists in passing nitrous 
acid into a few cc. of the oil and observing the length of time that 
elapses before solidification takes place. Another method is to 
introduce copper turnings or a little mercury, together with nitric 
acid, into a test-tube, and pour a few cc. of the oil upon the 
mixture. The colour also of the elaidin produced may be 
characteristic of the oil under examination. 

Using 5 grams of nitric acid, sp. gr. 1 '4, and 1 gram of 
mercury to 10 grams of oil, Massie^ observed the following 
reactions : 

On agitating the oil with the nitric acid alone for two minutes 
and allowing the liquids to separate, the following colourations 
were obserN-ed : almond, hazelnut, sunflower-seed oil, colourless or 
slightly greenish ; olive oil, greeimh^ uhite or slighihj yellon'bh-gi'een, 
or distincthj green; ground-nut oil and poppy-seed oil, reddish; 
castor and sesame oil, yelloirish or yellowish&i'ange ; oil of white 
mustard, apricot, walnut, camelina, beech, rape and linseed oil, 
cherry-red or reddlshrm-ange ; oil of black mustard, cotton and 
hemp-seed oil, hroicn or Irroiniish-red, 

The acid was coloured yellowish by olive oil (occasionally), 
saffron-yellow by sesam^, light brown with cotton, and slightly 
reddish or greenish by hemp oil. 
After the addition and solution of the mercury, the mixture is 

^ Journal de Pbarm. et de Chim. [4], xii. 13, 1869. 
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shaken at intervals and finally set aside. The following observa- 
tions were made : 



Almond 

Hazelnut 

Sunflower-seed 

OUve 

Ground-nut 

Poppy 

Castor 

Sesam^ 

Apricot 

White mustard 

Camelina sativa 

Walnut 

Beech 

Rape 

Colza 

Linseed 

Black mustard 

Cotton-seed 

Hemp 



After20to30min8. 
white or pale-greenish 



It 



lemon-yellow 

pale yellowish 

pale reddish 

red 

rose 

yeUowish-orange 

red 

yellowish -orange 

cherry-red 

orange 

reddish-yellow 

pale reddish 

reddish-brown (effervesces) 

pale reddish 

dark orange-red or reddish 

brown 



After 1 hr. 



white. 



•f 



lemon-yellow. 

pale yellowish-green. 

pale reddish. 

red. 

yellow. 

yeUowish-orange. 

rose. 

reddish-yellow. 

reddish-orange. 

reddish-yellow. 

reddish-orange. 

orange-yellow. 

pale yellowish-orange. 

reddish-brown. 

reddish-yellow. 

pale orange-red or red. 

reddish-brown. 



The following oils solidify : almond in 1^ hr., hazelnut in 1 hr., 
olive oil in 1 hr., ground-nut in If hr.^ sesam^ in 2^ hr., apricot 
in If hr., beech in 6 hr., rape in 3 hr., colza in 3| hi., cotton in 
If hr. ; the remainder do not solidify at all. 

§ 123. Behaviour to Sulphwk Acid, — Gasselman^ observed the 
following rise in temperature when 50 cc. of the oil were mixed 
with 10 cc. of cone, sulphunc acid : 



Linseed from 14' to 132' to 134'. 


Sunflower „ 


>i 


92°. 


Poppy 


>i 


92'. 


Olive „ 


») 


4g». 


Almond „ 


ft 


59*. 



With the oil from peony-seed Stahre and myself ^ observed a rise 
to 68*, whilst almond oil rose to 48"*. 

§ 124. Behaviour to lieagents mentioned in § 12. — Casselman has 
made the following observations with the reagents mentioned in 
§12: 

1 Pharm. Zeitschr. f. Russland, 299, 1867 ; Zeitschr. f. anal. Chemie, vi. 479. 
See also Chateau. 

*Archiv d. Pharm. [3], xiv. 412, 531, 1879 (Joum. Chem. Soc. xxxvi. 
1043). 
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Stannic chloride produces the following changes in colour: 
linseed, dirty yellow, passing to green ; sunflower, white, turning 
brown ; poppy, greenish ; hemp, yellowish-green ; olive, bright 
yellow ; almond, scarcely yellowish. On warming with chloride of 
zinc linseed oil becomes green, and hemp oil assumes a fine green 
colour, while the remainder undergo no change. Syrupy phosphoric 
acid forms a sort of emulsion with linseed and poppy oil, but not 
with the others. 

Warming w4th mei^curic nitrate colours linseed oil from dark 
green to brownish-red ; sunflower, bright yellow ; poppy and hemp 
oil, green, turning brown ; olive, dark yellow, passing to orange 
red ; almond, deep chroma 

Bieber^ used nitric acid of sp. gr. 1 4, and also a cooled mixture 
of equal parts of cone, sulphuric and fuming nitric acid in the pro- 
portion of 1 volume of reagent to 5 of oil. 

Hauchecom6^ has published reactions of oils with peroxide of 
hydrogen^ but without specifying the strength of the reagent. He 
states that on shaking 1 volume of solution of peroxide of 
hydrogen with 4 of oil, olive assumes an apple-green ; poppy, a 
flesh colour ; sesam6, bright red ; ground-nut, greyish-yellow ; and 
beech-nut oil, an ochre red. According to Cohn6, drying oils may 
be distinguished from non-drying by their behaviour to peroxide 
of hydrogen. The former are said to be quickly decomposed 
with separation of fatty acids, whilst the latter resist such 
treatment. 

Basoletto^ observed that sesam^ oil, when shaken with an equal 
volume of hydrodUoric acid (23 to 24 per cent) containing 2 per 
cent, of cane-sugar, assumed a reddish tinge, passing to cherry-red, 
whilst olive oU was not coloured. On agitating with nitric acid 
containing sugar, sesam6 oil was coloured cinnamon, whilst the 
acid became yellowish-green. Cotton-seed oil turns yellow with 
the same reagent (the acid becoming pale rose coloured), but 

^ Apotheker Zeitung, xii. 161, 1877 (Joum. Chem. Soc. xxxiv. 843). For 
the action of nitric acid on fatty oils, see aliso Hauchecome, Zeitschr. f . anal. 
Ohemie, iii. 512, 1864, where, however, the strength of the acids employed is 
not mentioned. Langlies (ibid. ix. 534, 1870) recommends mixing nitric acid 
specific gravity 1*4 with ^ of its volume of water, and warming 1 part of this 
reagent with 3 of oil in the water-bath. Sesam^ oil is said tu yield a red mass 
by this treatment. 

3 Zeitschr. f. anal. Chemie, ii. 442, 1863. 

* Bulletin della Soc. Adriatic, i. 178, 1875. 
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almond and castor oil produce no alteration. According to 
Vidan^ hydrochloric acid containing sugar changes the colour of 
castor oil to orange-yellow, poppy oil yellowish-brown, ground- 
nut oil intense yellow, olive oil yellowish-orange, rape oil dark 
brown, and almond oil yellowish-orange. 

For the use of chloride of antimony as a reagent see Zablu- 
-dowski^ and Walz.* The latter found that on adding a few 
drops of the reagent, which should be of a syrupy consiJBtence, to 
2 or 3 cc. of the oil to be examined, olive oil formed a whitish 
emulsion, gradually turning dark, without any rise in tempera- 
ture, whilst with cotton-seed oil a considerable amount of heat 
was evolved, the mixture becoming solid and of a chocolate-brown 
colour. 

Concentrated solution of chlorinated lime is said to form an 
•emulsion with 8 times its volume of poppy oil, but not with 
almond oil. 

Caustic soda of specific gravity 1 '33, heated to boiling with 4 or 5 
times its volume of oil, yields a white liquid mixture with castor 
oil, yellowish-white with sesam6, colza, poppy, and walnut, and 
yellow with linseed, whilst olive oil and hemp yield respectively 
brownish and brownish-yellow solid masses.* Some oils, such as 
rape and colza, maybe contaminated Vfiih sulphur compounds, which 
may be detected by nitro-prusside of sodium after treatment with 
caustic soda. 

For the use of the spectroscope in identifying fixed oils see 
Gilmour,^ of the ptolamcope see Buignet,*^ of cohesion figures see 
Tomlinson,^ Kate Crane,^ and Moffat.® 

Ji 125. Free Fat-acid, — The presence of free fat- acid may be 

^ Joum. de Fhaim. et de Chim. xxii. 30, 1875 (Joum. Ghem. Soc. xxix. 
111). Compare also Jahresb. f. Pharm. 288, 1875. The hydrochloric acid 
and sugar reaction was recommended by Camoin as early as 1860. Compare 
Choulette, * Observations prat, de Chim. et de Pharm. ' Fasc. i. 130. 

^ Pharm. Zeitschr. f. Fwussland, ii. 233, 1863. 

' Amer. Joum. Pharm. xlvi. 25, 1874. 

* Compare Hager, * Untersuchungen * (Gunther Leipsic, 1874), vol. ii. 510. 
^ Pharm. Joum. and Trans. [3], vi. 981, and Jahresb. f. Pharm. 362, 

1876. 

^ Joum. de Pharm. et de Chim. xL 252, 1862 (Amer. Joum. Pharm. xxxiv. 
140). 

7 Pharm. Joum. and Trans. [2], v. 387, 495. 

> Ibid. [3], v. 243, and Jahresb. f. Pharm. 289, 1874. 

• Chem. News, xviii. 473. 
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detected, according to Jacobson,^ by shaking with powdered 
rosaniline. Oil containing free fat-acid is coloured red. 

Bumpier^ employs carbonate of soda, which does not emulsify 
oils containing no free fat-acid. 

Greissler^ estimates the free fat-acid by diluting with 2 or 3 
volumes of ether and titrating with alcoholic potash, using an 
alcoholic solution of rosolic acid or phenol-phthalein as an indi- 
cator. 

§ 126. CJioUsierifk Detection and Estimation, — Hoppe-Seyler* 
detects and estimates cholesterin in vegetable substances by ex- 
tracting with ether, distilling, boiling the residue for a few hours 
with alcoholic potash, evaporating, redissolving in water, and 
shaking with ether. If the cholesterin obtained by evaporating 
the ethereal solution is not pure, the treatment with alcoholic 
potash is repeated. If sufficient alkali is present neither fat nor 
soap will be taken up by the ether. 

Schulze^ directs attention to the fact that the estimation is 
inaccurate if the material contains vegetable wax yielding an 
alcohol (§ 14) on decomposition with an alkali, on account of the 
influence the latter exercises on the solubility of cholesterin in 
spirit Schulze recommends the conversion of the impure cho- 
lesterin into benzoate of cholesteryl by heating with benzoic acid 
in sealed tubes. This compound may be freed from many foreign 
substances by boiling with absolute alcohol, in which it is almost 
insoluble. After recrystallization from ether the cholesterin may 
be liberated by heating with alcoholic potash. 

Cholesterin is soluble in petroleum spirit as well as in ether, and 
is therefore extracted by the former, together with the fixed oil. 
If an accurate estimation is required, large quantities of material 
must be worked upon, as cholesterin occurs in only small pro- 
portions in vegetable substances. (Beneke obtained 1*5 gram 
from 2,500 grams of grey peas.) It is insoluble in water, crystal- 
lizes from alcohol in silky needles and plates (belonging to the 
rhombic system), melts at 137°, and is, in alcoholic solution, 
Isevo-rotatory (aD = 36*61°). Warmed with a mixture of 1 vol. 

^ Chem.- tech. Bepert. i. 84 ; Zeitschr. f. anaL Chemie, xvii. 387, 1878. 

2 Zeitschr. f. anal. Cbemie, ix. 417, 1870. 

8 Ibid. xvii. 387, 1878 (Journ. Chem. Soc. xxxiv. 834). 

* Med. -chem. Unters. Heft i. 143. Zeitschr. f. anal. Chemie, v. 422, 1866. 

' Zeitschr. f. anal. Chemie, xvii. 173, 1878. (Journ. Chem. Soc. xxxiv. 612. ) 
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cone, sulphuric acid with 1 of water, a red colouration is pro- 
duced, whilst 4 of acid with 1 of water develops a blue, and 
3 with 1 a violet tinga If a mixture of concentrated hydro- 
chloric acid and solution of ferric chloride (3 in 1) is eva- 
porated with a little cholesterin, a reddish-violet or bluish-violet 
colour makes its appearance. Similar treatment with sulphuric 
acid and ferric chloride leaves a carmine residue, which gradually 
passes to violet and becomes scarlet on treating with ammonia.^ 
After trituration with sulphuric acid cholesterin is coloured red 
by the addition of chloroform- 

Phytoslerin, a substance allied to and probably homologous with 
cholesterin, was discovered by Hesse ^ in the Calabar bean. Its 
solubility is, on the whole, similar to that of cholesterin, with 
which it has occasionally bfsen confounded. It melts at 133'', and 
is somewhat less powerfully laevo-rptatory (a^ = 34 -2°). 

FUicin is another substance soluble in petroleum spirit ; it is 
extracted, therefore, together with the fixed oil, and is partially 
deposited in crystals on evaporating such a solution ; an appre- 
ciable quantity, however, remains dissolved in the fixed oil. 
Experiments made at my instance by Knise,^ with the object of 
devising a quantitative separation of filicin from fixed oil, were 
unsuccessful ; all the liquids employed (acetone, acetic ether, 
ether, heavy petroleum oils, bisulphide of carbon, etc.) dissolved 
both substances. Attempts to separate the fixed oil from the 
filicin by dissolving in a hot aqueous solution of carbonate of 
soda and fractionally precipitating with hydrochloric acid, as weU 
as the same treatment of an alkaline alcoholic solution, were 
attended with negative results. 

The kosin* contained in cousso is soluble in petroleum spirit, 
especially when warm. It is more easily soluble in ether, benzene^ 
or bisulphide of carbon, somewhat sparingly in alcohol and glacial 
acetic acid. Ferric chloride colours the alcoholic solution red, and 

^ Zeitflchr. f. anal. Cbemie, xvii. 173, 1878, and Ritthausen, * Eiweiaa- 
korper/ 98. 

' Annal. d. Chem. und Pharm. cxcii. 175, 1878 (Joum. Chem. Soc. xxxiv. 
850). For paracholesterin, see ibid, ocvil 229, 1881. Hesse, ibid. ccxi. 283 ; 
Schulze and Barbieri, Ber. d. d. Chem. Ges. xv, 953, 1882. 

* Archiv d. Pharm. [3], ix. 24, 1876 (Journ. Chem. Soc. xxxi. 33G). See 
also Luck, AnnaL d. Chem. und Pharm. liv. 191, 1851, and Grabowski, Chem. 
Centralbl. 409, 1867. 

* Fluckiger and Buri, Archiv d. Pharm. [8], v. 193, 1874 (Pharm. Joum. 
and Trans. [3], v. 562). 
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an alkaline aqueous solution also gradually assumes a red tinge. 
It is decomposed by fusion with potash, yielding, amongst other 
substances, butyric acid (the same is the case with filicin). 

EupJiorljon^ is likewise soluble in petroleum spirit, and freely 
so in ether, benzene, chloroform, acetone, and glacial acetic acid, 
but not in aqueous alkalies. It dissolves in concentrated sulphuric 
acid, with the production of a brownish tinge, which is changed 
to violet by nitre or nitric acid. It melts at US'* to 114°, and 
resembles, in many of its properties, lactucon or lactucerin (various 
species of Lactiica), echicerin (dita bark), and perhaps also cynan- 
chocerin (Cynanchum vincetoxicum and acutum). 

Uelenin is easily soluble in petroleum spirit, alcohol, and ether, 
but insoluble in water, even in the presence of a little alkali ; it is 
dissolved, however, by hot concentrated solution of potash. 
Helenin melts at 110°, crystallizes in colourless needles, and dis- 
solves in cone, sulphuric acid, with production of a red colouration. 
Hydrochloric acid-gas is also said to colour helenin red.^ 

Coumarin may be recognised by its odour and by its colourless 
rhombic crystals. It is sparingly soluble in cold, more easily in 
hot water, and is also dissolved by ether and by alcohol. Amongst 
the substances it yields when fused with potash is salicylic acid 
(§ 26). For the allied melUotic add compare Zwenger.^ 

Styi'ol also is characterized by its aromatic odour. It is a colour- 
less liquid convertible by long heating in sealed tubes into solid 
metastyrol. It is almost insoluble in water, but easily soluble in 
alcohol, ether, and bisulphide of carbon. Heated with chromic 
acid it yields benzoic acid and other products of decomposition 
(§ 26). 

For myroxocarpvUy see Stenhouse and Scharling;* for dmmin, 
Landerer^ and Fluckiger;*^ ior kdmpferid, Brandes and Jahns :^ 
for asaron (which is soluble at least in warm petroleum si)irit), 

^ Hesse, AnnaL d. Chem. und Phann. clxxx. 352; clxxxii. 163, 1876; 
cxcii, 193, 1878 (Amer. Joum. Pharm. 1. 552}. See also Alberti and Drageii- 
dorflf, Phann. Zeitschr. f. Russland, ii. 215, 1863 ; and FlUckiger, N. Jahrb. 
f. Pharm. xxix. 135. 1868. 

^ See Kallen, Ber. d. d. chem. Gres. vi. 1506, 1873 (Pharm. Joum. and 
Trans. [3], vii. 156). 

* Annal. d. Chem. und Pharm. Suppl. v. 100, 1867. 

* Ibid. Ixxvii. 306, 1851, andxcvii. 69, 1856 (Amer. Joum. Phann. xxiii. 144). 
^ Repert. f. Pharm. Ixxxiv. 62. 

* Ibid, xxiii. (New Series), 102, 1874 (Amer. Journ. Pharm. xlvi. 235). 
' Archiv d. Pharm. Iviii. 52 ; Ber. d. d. chem. Ges. xiv. 2385. 
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C. Schmidt -} for angelicin, which has been proved to be identical 
with hydrocarotin, see Brimmer f for caj'otin, see Husemann.^ The 
last-named substance forms red crystals, soluble in benzene and 
bisulphide of carbon. It dissolves in cone, sulphuric acid, with a 
pui'plish-blue colour, and is also coloured blue by sulphurous-acid- 
gas. 

Anenionol, which occurs in many Eanunculacese, .may also be 
mentioned here. It is an oily acrid liquid, volatile with the vapour 
of water, and gradually changing in aqueous solution to crystalline 
anemonln. The latter can be isolated by shaking the aqueous 
solution with ether or chloroform, and like anemonol, acts as an 
iiTitant when applied to the skin.* 

For capsicin and capsaicin see Thresh ;^ for amyi'ln and bi-yoidin 
see Buri.® 

§ 127. CaouicJwiLc. — Petroleum spirit extracts only a trace of 
caoutchouc, which remains undissolved on treating the residue 
after evaporation with warm absolute alcohol. If a considerable 
quantity of caoutchouc is present the majority is left in the sub- 
stance after exhaustion with petroleum-spirit, and may be extracted 
by bisulphide of carbon containing 6 to 8 per cent, of alcohol, or 
by chlorofoim. From these solutions it may be precipitated by 
the addition of more alcohol, whilst resinous substances and the 
like generally remain dissolved. (See also § 46.) 

§ 128. Estimation of Glycerin (§ 13). — For details of the deter- 
mination of this substance see Eeichardt,^ and Neubauer and 
Borgmann.® The latter authors point out the fact that ether- 
alcohol removes other substances besides glycerin from wine, etc., 
and that the estimation may accordingly be too high. They 
therefore recommend dissolving the glycerin residue in alcohol, 
adding 3 volumes of ether, filtering and evaporating. Pasteur 
advises the evaporation of the solution to be conducted as quickly 

^ Annal. d. Chem. imd Pharm. liii. 156, 1845. 

' N. Repert. f. Pharm. xxiv. 665, 1874 (Pharm. Journ. and Trans. [3], vii. 91). 

> Annal. d. Chem. und Pharm. cxrii. 200, 1861. 

^ Compare Fehling, AnnaL d. Chem. und Pharm. xxxviii. 278, 1841 ; Miiller, 
Chem. Centrlb. 618, 1850 ; Erdmann, Journ. f. prakt. Chem. Ixxv. 209. See 
Amer. Journ. Pharm. xxxiv. 300 ; xxxi. 440. 

^ Phann. Journ. and Trans. [3], vi. 941, vii. 473. 

• N. Repert. f. Pharm. 220, 1875 (Pharm. Journ. and Trans. [3], vii. 157). 

' Archiv d. Pharm. [3], x. 408 ; [3], xi, 142, 1877. 

^ Zeitschr. f. anal. Chemie, xviil. 442, 1878. See also Pasteur, Annal. d. 
Chem. und Pharm. Iviii. 330, 1864. 
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as possible, as glycerin loses weight even in a vacuum. Compare 
also Griessmeier and Glausnitzer.^ 

§ 129. Wax,—Cetyl alcohol (§ 14) melts at 48' to 49', and at 54' 
is miscible with spirit of specific gravity 0*812 in all proportions. 
Cerotyl alcohol melts between 79° and 81°, melissyl alcohol at 85°. 
The latter is scarcely soluble in cold alcohol, benzene, petroleum 
spirit, or chloroform, but dissolves on boiling. 

Konig and Kiesow found a substance in meadow-hay which they 
considered to be cerotene, or a 'paraffin' of the composition C^jf^^^^ 

Hirschsohn has endeavoured to find distinctive characteristics 
for certain vegetable waxes that find application in the arts,' with 
the following results : 

Wax from Myrka querdfdlia, — Soluble in 10 parts of boiling 
chloroform ; the solution remained clear on cooling. Completely 
soluble in ether. 95 per cent spirit dissolved 16 '16 per cent at 
the ordinary temperature ; petroleum spirit 53 to 62 per cent 
The alcoholic solution gave a precipitate with alcoholic ferric 
chloride (1 in 10), which did not dissolve on warming. 

Wax from another sp, of Myrka yielded 19*88 per cent to 
alcohol, 68*70 per cent to petroleum-spirit Ferric chloride 
coloured the alcoholic solution black. 

Wax from Myrica cerifera yielded 7*16 per cent to alcohol and 
41 '62 per cent, to petroleum spirit Ferric chloride coloured 
the alcoholic solution brownish. 

Wax from Rhus succedanea (Japan wax) resembled the three 
foregoing waxes in being completely soluble in chloroform, but 
was only partially soluble in ether. Alcohol dissolved 14 per 
cent, petroleum spirit 69*8 per cent Boiling with 10 parts of 10 
per cent alcoholic potash saponified it ; the soap was completely 
soluble in 100 parts of water, whilst that from beeswax was only 
partially dissolved. 

Wax from Aleuri/es laccifera, — The solution in chloroform 
became turbid on cooling ; the addition of an alcoholic solution of 
acetate of lead to a similar solution of the wax caused a cloudiness 
on standing. Boiling alcohol left a pulverulent substance im- 
dissolved 

^ Ber. d. d. chem. Ges. xi. 292, 1878 (Jo'urn. Chem. Soo. xxxiv. 449), and 
Zeitschr. f. anal. Chemie, xx. 58, 1881 (Journ. Chem. Soc. xl. 470). 

^ Ber. d. d. chem. Ges. vi. 500, 1874. For vegetable wax see also Ludwig, 
Archiv Pharm. [3], i. 193. 

' Pharm. Journ. and Trans. [3], x. 749. 
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Carnauba wax behaved similarly to chloroform and alcohol, but 
acetate of lead caused no cloudiness. It was partially soluble in 
ether; the ethereal solution became turbid on the addition of 
alcohol Cold alcohol dissolved 3*25 per cent., petroleum-spirit 
6*04 per cent. 

BaMa wax resembled carnauba wax in most of its properties, but 
the addition of alcohol did not render the ethereal solution turbid. 
Cold alcohol dissolved 9*7 per cent, petroleum spirit 3*32 per cent 

For cerosin from the sugar-cane see Avequin,^ Dumas,^ and 
Lewy.^ 

Wax may be recognised microckemicdlly as a solid exudation on 
the surface of the cells, insoluble in water and partially or wholly 
soluble in ether. (See also §§ 14, 15, 145.) 

§ 130. Oleic and Linoleic Acids. — Oudemans^ has adopted the 
following method for the estimation of oleic acid. The soap 
obtained by saponifying about 10 grams of the fat with potash is 
decomposed with sulphuric acid ; the fat-acids are washed with 
water, mixed with excess of carbonate of soda and dried. The 
dry mass is exhausted with boiling alcohol, filtering whilst hot ; 
to the alcoholic solution a little water and an excess of acetate of 
lead is added. The lead precipitate is collected and dried ; and 
from a weighed portion the oleate of lead is extracted by boiling 
with ether. The oleic acid may be calculated from the weight of 
the residue obtained by evaporating the ethereal solution. 

Linoleic acid has not yet been isolated in a state of purity, as 
the free acid when exposed to the air oxidizes even more rapidly 
than the corresponding glyceryl compound. Mulder estimated it 
approximately by separating it, together with oleic, palmitic and 
myristic acid, from the soap, dissolving the mixed fat-acids in 
alcohol, carefully evaporating, allowing the palmitic and myristic 
acids to crystallize out, and finally converting intx> the lead salts. 
Extraction with ether then removes oleate and linoleate of lead. 
By repeated evaporation in contact with air and re-solution in 
ether, the linoleate of lead gradually becomes insoluble, whilst 
oleate of lead does not change.^ 

^ Annales de Chimie et de Phyuque, Ixxv. 218. 
3 Ibid. 238 ; Annal. d. Chem. und Pharm. xxxvii. 170, 1841. 
s Ibid. (New Senes), xiil 461. 
^ Joum. f. prakt Chem. xciz. 407, 1877. 

' Compare Zeitschr. f. Cbem. iL 452, 1866 (Amer. Joam. Pharm. xl. 249) ; 
Sohtder, Jahresb. f. Pharm. 155, 1857. 
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Of lauric acidf Oudemans observes that it is easily volatile with 
the vapour of water, which is not the case with myristic and 
oleic acid (§ 15). (Myristic and other fat-acids may however be 
distilled in vacuo.) 

Oleic and stearic acids may be separated, according to David, ^ by 
precipitation from alcoholic solution with glacial acetic acid (1 
volume to 3 of 95 per cent, spirit). Oleic acid is not thrown out 
even by the addition of 2*2 cc. of a mixture of equal volumes of 
glacial acetic acid and water to 3 ca of alcoholic solution. Under 
these circumstances stearic acid would be completely separated. 
(See 5$ 16, 131.) 

§ 131. The separation of resins from fai-acids in soap-analysis has 
formed the subject of communications from Jean,^ Barfoed^ and 
Gladding.* The following particulars are taken from Barfoed : 

a. Stearic and palmitic acids are soluble in hot 70 per cent, 
spirit, but separate out on standing twenty-four hours in a cool 
place. Coniferous resin (abietic acid) dissolves in 10 parts of cold 
spirit of the same strength, but is precipitated on adding water 
containing hydrochloric acid. 

h. If a mixture of the same fat-acids with resin is boiled with 
7 volumes of 30 per cent spirit, to which 1 volume of an aqueous 
solution of carbonate of soda (1 to 3) has been added, both resin 
and fat-acid dissolve. On cooling, the soap produced from the 
fat-acids separates out, whilst the resinate of soda remains in 
solution. The fat-acids may be obtained from the precipitate by 
filtering off, washing with alcoholic carbonate of soda solution and 
decomposing with hydrochloric acid, whilst the filtrate yields the 
resin on treatment with an acid and shaking with ether. 

c. On adding a solution of 1 part of chloride of calcium in 15 
of 80 per cent, spirit to a hot solution in spirit of the same 
strength, and cooling, the calcium salts of both fat-acids separate 
out, whilst that of the resin acid remains in solution. 

d. If stearic and palmitic acid and resin are dissolved in soda, 
the solution evaporated to dr3mess, powdered and extracted with a 

^ Zeitschr. f. anal. Chexn. xviii. 622, 1879 (Joum. Ghem. Soc. xxxiv. 1011). 

' Polyt. Joum. ccvii. 1873 (Joum. Ohem. Soc. xxvi. 196). 

' Zeitschr. f. anal. Chem. xiv. 20, 1875 (Joum. Chem. Soc. xxix. 771). 
Compare also Gottlieb, Poliz. chem. Skizzen, Leipzig, 1853 ; and Sutherland, 
Ghem. News, 1866, 185. 

* Ghem. News, xlv. 159, 1882. 
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mixture of 1 volume of 98 per cent, spirit to 5 of ether, the resin 
compound alone passes into solution. 

Gladding's method depends upon the insolubility of the silver 
salts of fat acids in ether, in which resinate bf silver dissolves 
both easily and abundantly. For working details of the process 
reference must be made to the original paper. 

If oleic acid is present, the separation by a and h will be inac- 
curate, as the resin will be contaminated with oleic acid These 
methods might, however, be employed to separate oleic from 
stearic and palmitic acid in absence of resin. If only a small 
quantity of oleic acid is present, the resin may be estimated by c. 
On decomposing the lime salt with an acid, a little oleic acid 
may be precipitated with the resin, but the former remains sus- 
pended in the liquid, whilst the latter agglutinates into lumps. 
After separating the resin, the oleic acid may be removed by 
shaking the liquid with ether. 

The estimation of resin in the presence of oleic acid is, however, 
best accomplished by d. The mixture must be well dried and 
the ether-alcohol made from anhydrous spirit and ether ; 1 part 
by weight of oleate of soda dissolves in 935, 1 of resinate of soda 
in 7*9 parts of ether-alcohol. 

CHLOROPHYLL AND ALLIED SUBSTANCES. 

§ 132. CMorophylL — Notwithstanding that the chemical nature 
of chlorophyll is still involved in considerable obscurity, I treated 
it in § 20 as a homogeneous body, and at the same time pointed 
out that the chlorophyll-granules observable under the microscope 
contain solid albuminous substances, starch, etc., in addition to 
chlorophyll 

It has been satisfactorily proved by Fremy^ and others that 
chlorophyll may be separated by treatment with hydrochloric acid 
and ether or benzene into two colouring matters, one of which, 
cyanophyll or phyllocyanin, is blue and soluble in ether and 

1 CJomptes RenduB, L 406, 1860, Ixi. 188, 1865 ; Joum. £. prakt. Chem. 
Ixxzvii. 319, 1862. See also Kromayer und Ludwig, Archiv d. Pharm. civi. 
164, 1861 ; A^, Archiv d. Pharm. cxcii. 163, 1870; Kraus, * Zur Kenntiiifls 
des Chlorophyllfarbstoffes,' Stuttgart, 1872 ; Wiesner, Chem. Centralblatt, 
853, 1874 ; Filhol, Comptes Kendus, Ixi. 371, Ixxix. 612, 1874 ; Hartsen, 
Annal. der Phya. cxlvi. 158, 1874; ' Neue chemieche Untersuchungen,* 
Forateraann, 1875 ; Archiv d. Pharm. [3], vii. 186, 1876. 

8 
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benzene, the other, xanthophyll or phylloxanthin, yellow and 
insoluble. 

These two substances exist, according to Fremy, side by side in 
chlorophyll In this opinion, however, he is opposed by Prings- 
heim and others,^ who assert that they are only products of its 
decomposition. Sorby, again, does not consider the existence of 
a chlorophyll, a phyllocyanin, or phylloxanthin of definite chemical 
composition to be probable, but rather anticipates in them repre- 
sentatives of whole series of such compounds. Which of these 
opinions may be correct it is impossible at the present time to 
decide. 

Whether the green colouring matters isolated by Filhol, 
Sachsse,^ and others, and said to differ spectroscopically from 
ordinary chlorophyll, are of artificial origin, or whether they can 
be produced by the plant itself ; what relation probably exists 
between chlorophyll, * purified chlorophyll,' or chlorophyllan and 
cyanophyll; between xanthophyll, Hartsen's crystalline chryso- 
phyll and Pringsheim's hypochlorin, are questions involved in 
atill greater obscurity. 

I restrict myself, therefore, here, to stating that * chlorophyll * 
can be extracted from vegetable substances by boiling alcohol 
after exhaustion with water ; a little, however, is retained by the 
residue insoluble in alcohol, as benzene still extracts a green 
colouring matter possessing all the characters of chlorophyll. * 

1 Chem. Centralblatt, 299, 316. 331. 1880. s Ibid. 121, 1878. 

' That the chlorophyll exists in different states of combination is rendered pro- 
bable by the fact that if vegetable substances are exhausted with petroleum 
spirit, benzene, ether, etc., in succession, each of these solvents remove chloro* 
phyU, so that when petroleum spirit fails to dissolve more of it, appreciable 
quantities can still be extracted with benzene. This combination might be con- 
ceived to be simply mechanical, the protoplasm acting in a similar manner to 
hydrate of alimiinium which, as is well-known, has the power 6f mechanically 
retaining chlorophyll. But the question may also be raised whether chlorophyll, 
which, in the opinion of many authors, possesses the characters of a weak acid, 
does not exist in plants in combination with different bases, and whether 
soluble (basic) alkali-compounds, such as those artificially produced by Fremy, 
do not occur ready-formed in some plants. Every one that has been frequently 
engaged in plant-analyses must have observed that well-filtered aqueous 
extracts of leaves, etc., when acidified and shaken with benzene or ether, yield 
to those solvents substances which on evaporation assume a green tinge and 
possess all the characteristic properties of chlorophyll. The assumption of the 
presence in the aqueous extract of a colourless chromogene converted during 
the successive operations into chlorophyll would, it is true, be possible, but I 
cannot as yet regard the first view as untenable. The whole subject, indeed, 
appears to me deserving of further investigation. 
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After acidulating the alcoholic extract with hydrochloric acid 
and diluting with a little water, the chlorophyll may be removed 
by shaking with benzene, xanthophyll remaining in the alcoholic 
liquid Under these circumstances, however, the chlorophyll is 
unfortunately always accompanied by fatty matter, etc. 

§ 133. Estimation of CfUarophylL — Should it appear desirable to 
isolate the chlorophyll for the purpose of weighing (cf. § 37), 
advantage might possibly be taken of an observation made by 
Sachsse,^ viz., that a benzene solution of chlorophyll, on standing 
for a few days over metallic sodium, deposits a green mass 
capable of being filtered ofif from the golden-yellow solution. 
With the exception of its containing sodium, it agrees with 
chlorophyll in most of its more important characters, although, 
of course, it no longer represents that substance in an unaltered 
state. It dissolves in water, but is completely precipitated by 
sulphate 'of coppei. The copi)er compound thus formed may, 
however, be contaminated with carbonate. From it the colouring 
matter may be isolated by suspending in alcohol, passing a current 
of sulphuretted hydrogen through the mixture, and evaporating 
the alcoholic filtrate. The residue may be weighed. 

§ 134. Erythropkylly Chlorophyllan, etc. — By first freeing grass 
from wax by treatment with ether, and then exhausting with 
alcohol, Hoppe-Seyler^ succeeded in isolating from unaltered 
chlorophyll a greenish-white colouring matter, sparingly soluble 
in alcohol, crystallizing in four-sided plates, ai^d appearing red by 
transmitted light This substance seems to be identical with 
BougarePs^ erythrophyll. Hoppe-Seyler also separated a second 
substance, which was more easily soluble in hot alcohol, crystallized 
in needles, and appeared dark green by reflected, but brown by 
transmitted, light. This body, which he terms chhyrophyllan, 
agrees with the so-called chlorophyll in most of its properties, 
especially the spectrum, in which, however, the bands in the 
yellow and green are somewhat deeper than they are in the 
ordinary chlorophyll-spectrum (^ 148 and 20). Hoppe-Seyler 
thinks it possible to make approximate estimations of chlorophyll 
by titration with spectroscopic end-reaction.* Gautier has also 

1 Ghem. Centralblatt, 121, 1878 ; 741, 1880. 

> Ber. d. d. chem. Ges. xii. 1555, 1879 ; zUi. 1244, 1880 (Joum. Chem. Soc- 
xxzviii. 53, 894). 

s Bulletin de la Soc. Chim. xxvii. 442, 1879 (Joum. Chem. Soc. xxxii. 790). 
^ For the chlorophyll contained in certain Florideie, see Fringsheim, loc, cit. ; 
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isolated from the leaves of dicotyledonous plants a crystalline 
chlorophyll,^ which Hoppe-Seyler suspects to be a mixture of 
erythrophyll, chlorophyllan and wax. Gautier's analyses agree 
tolerably well with those of Hoppe-Seyler's chlorophyllan. 

§ 135. XaTdhophyll (phylloxanthin), the yellow colouring matter 
to which the autumnal tint of many leaves is ascribed, appears to 
be insoluble in water, sparingly soluble in cold ether, petroleum 
spirit, or benzene. Alcohol dissolves it more readily, and it is 
soluble also in ether-alcohol. It may be obtained as a yellow 
granular deposit contaminated with fatty matter by evaporat- 
ing an alcoholic extract (Berzelius). Dilute acid and dilute 
potash and ammonia ai*e said to dissolve it but sparingly ; the 
latter may, therefore, be employed to effect a partial separation 
from fat, etc. Sulphuric and hydrochloric acids colour it only 
faintly blue. If the alcoholic extract has been shaken with 
benzene, as directed in § 132, the residue obtained on evaporating 
the benzene solution may be purified by suitable treatment with 
the foregoing liquids, especially petroleum spirit. ^ Hartsen thinks 
that his chiysophyll is possibly identical with phylloxanthin. 

HypoMorin, — Pringsheim^ states that hypochlorin separates 
from the chlorophyll granules in the form of yellow drops, which 
gradually become crystalline. It is insoluble in water, dilute 
acids and solutions of salts, but is easily dissolved by ether, 
benzene, bisulphide of carbon and ethereal oils. In concentrated 
and dilute alcohol it is at one time easily, at another difficultly, 
soluble. Possibly it is volatile with the vapour of water. 

It would be premature, on the basis of the facts that have as 
yet been established, to assert the identity of hypochlorin with 
xanthophyll ; the latter is certainly not identical with etioliiiy the 
yellow colouring matter of etiolated plants, which in alcoholic 
solution assumes a green tinge, and, after the lapse of some time, 
is coloured blue by hydrochloric acid. 

for the colouring matter of certain Algse, Bee Sachsse, ' Chem. und Phys. d. 
Farbstoffe, Kohlehydrate und Proteinsubstanzen,' Leipzig, 1877. 

^ Bulletin de la Soc. Chim. xxviii. 147, 1879 (Journ. Chem. Soc, xxxviii. 
266). 

^ For the relation that xanthophyU (etiolin) bears to chlorophyll, see 
Wiesner, Annal. d. Phys. und Chem. cliii. 622, 1874, and Chem. Centralblatt, 
353, 1874 ; also ' Die Enstehung d. ChlorophyU's in der Pflanze/ Wien, 
Holder, 1874. 

' Chem. Centralblatt, 9, 27, 299, 316, 331, 1880. Compare also Jahresb. 
f. Wissensch. Bot. 1874. See Quarterly Journ. Mic. Soc. 1881. 
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Anikoxanihin, the yellow colouring matter in the petals of many- 
flowers, also differs from xanthophyll. It occurs in two varieties, 
one of which (anthochlor, xanthein) is soluble in water, whilst the 
other (xanthin, lutein) is dissolved only by ether and alcohol. The 
latter turns green and blue on the addition of hydrochloric acid. 

ETHEREAL OILS, VOLATILE ACIDS, ETC 

§ 136. Estimation. — ^The following estimations are taken from 
Osse, and given here in illustration of the method recommended 
in § 22 : 

I. 0*277 gram of oil of turpentine was diluted with petroleum 
spirit to 10 cc. ; 1 cc. of the solution was evaporated as described 
in § 22. The weight of the residue was 046 gram, which, after 
exposure to the air for 1 minute, decreased to 0*026 gram (differ- 
ence, 0*02) ; after a second minute's exposure, 0*0205 gram (dif- 
ference, 0-0055) ; after a third, 0*017 gram (difference, 0*0035) ; 
after a fourth, 0135 (difference, 0035). The weight of the 
turpentine taken is calculated from the third weighing, 0*0205 
gram, to which is added 2 x 00035 gram, mating a total of 0*0275 
gram from 1 cc, or 0*275 gram from 10 cc, instead of 0*277 
gram. A second estimation gave 0267 gram ; mean 0*271 gram. 

II. 0*1268 gram of oil of lemon was diluted to 5 cc with petro- 
leum spirit) and 1 cc. taken for evaporation. 

iBt weighing » 0*0505 
2nd „ = 0250 dilf. - 0-0255. 
8rd „ - 0-0185 „ - 0*0065. 
4th „ - 0-0165 „ - 0*002. 
6th „ - 0*0145 .. - 0*002. 
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To the third weighing, 0*0185 gram, there is to be added 
2 X 0*002 gram, giving a total of 00225 gram from 1 cc, or 
01 125 gram from 5 cc, instead of 0*1268 gram. A repetition of 
the estimation gave 0*1275 gram; mean 0*1200 gram instead of 
0*1268 gram. 

Ill 0*166 gram of oil of cinnamon diluted to 10 cc. j 1 cc. 
taken for evaporation. 

Ist weighing - 0-0317 
2nd „ - 0-0171 diflf. - 0-0146. 
Srd „ = 00163 „ - 0-0008. 
4th „ - 00160 „ - 0-0003. 
6th „ « 0-0157 „ - 0-0003. 

The third weighing, 16 3, represents the quantity of oil 
present, since no correction has to be made, as the co-efficient of 
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evaporation is less than 0-001. 10 cc. would, therefore, contain 
0163 gram instead of 0*166 gram. 

§ 137. Estimation with Bisulphide of Clarion.— Instead of petro- 
leum spirit, Osse also tried bisulphide of carbon, as recommended 
by Hager ^ for the quantitative estimation of camphor, as well as 
mixtures of both liquids, without attaining better results. He 
has therefore decided in favour of petroleum spirit alone, which, 
however, should not contain any oils boiling at a temperature 
higher than 40'' C. 

In analyzing vegetable substances such a petroleum spirit is 
preferable to mixtures of the same with bisulphide of carbon, as 
it has a lesser solvent power for resins, etc. Ethereal oils may 
be extracted from their aqueous solutions by petroleum spirit,* 
and may therefore be estimated in the aqueous portion of the 
distillate (§ 24) by shaking with that solvent and evaporating a 
measured quantity of the solution after separation from the 
aqueous liquid. I have also employed this method for estimating 
the essential oil in the official aromaiic waters, 

§ 138. Ivfluence of Fixed OIL — Osse also made experiments with 
the view of ascertaining whether the presence of fixed oil could 
affect the determination of ethereal oil, either by itself increasing 
in weight during the exposure to the air or by preventing the eva- 
poration of the ethereal oil at 110" C. He found that a pretty 
close approximation to the truth might generally be arrived at by 
deducting 0*09 to 0*1 per cent from the weight of the fat after 
heating to 110°. No appreciable error would be caused by the 
oxidation of the fixed oil during the evaporation of the petroleum 
spirit, as the presence of the latter, even in small quantities, pre- 
vents or delays such change. 

0*875 gram olive oil was mixed with 0*051 gram oil of turpen- 
tine and heated for an hour to 110* C. The weight of the 
residue was 0*875 gram, which did not alter if the heating were 
continued two hours longer. 

1*4265 gram olive oil and 0*0575 gram oil of cinnamon weighed 
after 

1 hour at 110**. . . 1*436 gram. 

2 „ ..... 1*4335 



3 ,, »> • • • 1*4315 „ 



^ Pharm. Centralblatt, xiii. 449. 

^ Dragendorff, paper read at a meeting of the German ' Apothekerverein ' 
in Cologne, 1873 ; * Ermittelung der Gifte,' 2nd ed., 46, 1876. 
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I obtained similar results in experiments with cacao butter, 
Eesiu could be almost completely freed from ethereal oil at 100° 
to 110°, and it was only in the case of oils prone to oxidation, 
such as oil of cloves, that the residual resin was somewhat 
heavier than was expected. (See also § 146.) 

Drying oils would, of course, increase very apj)reciably in 
weight. The evaporation and heating would have to be conducted 
in an atmosphere of carbonic acid (§ 9). 

The following experiment will serve as an example of the 
estimation of ethereal oil in a vegetable substance : ^ 

Five grams of savin leaves were finely powdered and digested 
with 25 cc. of petroleum spirit ; 1 cc. of the solution was eva- 
porated. The residue weighed 0265 gram (corr.), which de- 
creased to 0*0175 gram on heating to 110°. 1 cc. contained, 
therefore, 0*009 gram ethereal oil and 0*0175 gram resin, or 
4*5 per cent, of ethereal oil and 8*75 per cent, of resin. 

§ 139. Separaiion of Volatile Acids, — Angelic acid melts at 45' 
and boils at 185° ; methyl-crotonic acid at 65° and 198° ; crotonic 
acid, 16° and 160*5° ; capric, 30° and 268° to 270° ; caprylic, 16° 
to 16*5° and 236° to 237° ; oenanthic boils at 223° to 224° ; caproic, 
204° to 206° ; valerianic at 175°; trimethyl acetic, 163*7° to 163*8' 
(melts at 35*3° to 35*5°); butyric at 163°; isobutyric, 154°; 
propionic, 140°; acetic, 118° (solidifies at 16*7°); formic, 105°. 
This difference in the boiling points of fat-acids permits of their 
separation from one another by fractional distillation. 

Fractional precipitation by salts of silver, etc., may also be 
found useful in separating several of the foregoing volatile acids 
from one another; certain differences in the solubility of the 
salts can also sometimes be turned to account. Isobutyric acid, 
for instance, may be separated by the former method, whilst the 
sparing solubility of the silver salt (1 in 100) enables us to isolate 
acrylic, butyric, acetic acid, etc. The barium, calcium, and lead 
salts of some of the acids may be similarly employed ; thus the 
barium salt of caprylic acid is soluble in 164 parts of cold water ;^ 
formate of calcium is insoluble in absolute alcohol ; the lead salt 
dissolves in 65 parts of water, whilst mercurous formate requires 500 
parts at the ordinary temperature. Basic formate of lead obtained 

^ See Osse's work previotisly referred to. 

^ For the estimation of valerianic acid, see Zavatti and Sestini, Zeittschr. f. 
anal. Chemie, viii. 388, 1869. 
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by heating fonnic acid with oxide of lead is insoluble in alcohol,' 
whilst basic acetate of lead prepared in a similar way is soluble 
(the heating should be continued until the reaction is alkaline, 
but not longer, as otherwise an acetate insoluble in alcohol might 
be produced). Basic butyrate of lead is also soluble in alcohol, 
but both the neutral and basic salt are greasy and sparingly soluble 
in cold water. The same is the case with the ferric compound 
obtained by precipitating an alkaline butyrate with a ferric salt 
(avoiding an excess). (See also § 34.) 

§ 140. Identification. — The saturating power of a fatty acid, a 
knowledge of which may be of assistance in identifying it, can be 
ascertained by titration with normal soda solution, or by esti- 
mating the sodium, barium, lead or silver contained in the corre- 
sponding salts. In certain cases a determination of the water of 
ci'i/stalUzation may prove useful 

By distilling the sodium salts with concentrated sulphuric acid 
and absolute alcohol, the ethyl-salts of the acids may be prepared ; 
they are not unfrequently of characteristic odour (acetate, buty- 
rate, valerianate of ethyl, etc.), by which, as also by their boiling 
points, they may sometimes be identified. 

§ 141. Optical Tests ; Solubility in Alcohol. — For information with 
regard to the optical testing of volatile oils see Buignet,^ Franck,* 
Fliickiger,* and Symes.*^ 

1 have ascertained that alcohol must possess the following 
strengths to be miscible with certain ethereal oils in every propor- 
tion : oil of turpentine, 96 per cent. ; fir, 96 per cent. ; juniper, 
95 per cent ; savin, 92 per cent ; lemons, 97 to 98 per cent. ; ber- 
gamot, 88 per cent. ; bitter orange, 98 per cent. : caraway, 88 per 
cent ; peppermint, 86 to 87 per cent ; oleum menthse crispae, 86 
per cent ; lavender, 88 per cent. ; rosemary, 82 per cent. ; sweet 
marjoram, 82 per cent ; cajeput, 91 per cent ; sage, 85 per cent ; 
cloves, 74 per cent ; cinnamon, 78 per cent ; ciibebs, 90 per cent j 
fennel, 93 per cent ; anise and rose, 93 to 94 per cent ; balm, 90 

^ 'Barfoed, Lehrbuch der organischen qual. Analyse/ Kopenhafren, 1880. 

2 Joum. de Pharm. et de Chim. [3], xl. 252, 1862 (Amer. Journ. Pharm. 
xxxiv. 140). 

' N. Jahrb. f. Pharm. xxvii. 131 ; xxix. 28. See also Mierzinski, ' Die 
Fabrik. ath. Oele,* Berlin, 1872, and Fliickiger'a *Phann. Chemie,' Berlin, 
1879, where the specific gravities of certain ethereal oils will also be found. 

* Archiv d. Pharm. [3], x. 193, 1877 (Amer. Joum. Pharm. Ixxvii. 309). 

* Pharm. Journ. and Trans. [3], x. 207. 
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per cent These figures are true for fresh oils only, and for tem- 
peratures ranging from 20** to 22°.^ 

I found the following proportions of weaker alcohol necessary 
to form clear mixtures with the foregoing oils : 







Vols. 


Strength of Spirit. 


Oil of Cinnamon . 


.3 of 65 pel 


' cent. 


(TraUes). 




, Cloves 


. 2-7 M 


60 


n 








, Sage . 


. 31 .. 


65 


n 








, Cajeput 


. 2-5 „ 


65 


ii 








, Marjoram . 


. . 1-45 „ 


78 


»t 








, Kosemary . 


. 1.4 „ 


78 


»» 








, Lavender . 


. . 2-3 „ 


65 


11 








, Mentha crispa 


. . 27 „ 


65 


t* 








, Peppermint 


. . 2-2 „ 


70 


9* 








, Caraway . 


. 0-8 „ 


84 


)f 








, Bitter orange 


. 0-9 „ 


94 


|« 








, Bergamot . 


. 1-15 „ 


78 


If 








, Lemon (dist.) 


. . 4-0 „ 


91 


}« 








, „ (pressed) 


• 2*8 yt 


92 


ft 








, Savin 


. . 1-3 „ 


80 


t> 








, Juniper 


. 3-0 „ 


93 


«f 








, Turpentine 


. 875 „ 


92 


»» 








, Fennel 


. 2-9 ,. 


85 (at 


2rc.) 






, Anise 


. 6-3 „ 


85 (at 17-5'' 


C.) 





§142. Colour-reactions, — I have observed the following colour- 
reactions with certain ethereal oils :^ 

Solution of bromine in chloroform (I in 20), in the proportion of 
10 to 15 drops to one of oil, gives colourless mixtures with oils of 
turpentine, caraway, lemon, coriander and cardamoms ; yellow 
with bergamot, bitter orange and neroli ; slouli/ turning green with 
cloves, ginger, lavender, cajeput, cascarilla ; slowly turning gi'eenish- 
hhie with ol. menth. crisp., oils of juniper, pepper and galangal ; 
greenish-brown or brown with sweet marjoram, dill, cummin and 
valerian; a more or less fine rose, red, or reddish-violet tint is 
gradually produced by rosemary, fennel, anise, star-anise, cinna- 
mon, nutmeg, thyme, peppermint, myrrh and parsley ; brownish- 
violet with mace; blue or bluish-violet with cubebs, copaiba^ 
amomum, laurel, sandal-wood and sweet flag ; orange with oil of 
worm-seed, oil of cedar-wood ; and with camphor. 

1 N. Repert. f. Pbarm. xxii. 1, 1872 ; Pbarm. Joum. and Trans. [3], vi. 
541 ft geq. See also Godeffroy nnd Ledermann, Zeitschr. d. allgem. oesterr. 
Apotheker Ver. xv. 881 et seq, ; Jahresb. f. Pbarm. 394, 1877. 

^ Pbarm. Joum. and Trans. [3], vL 681 ; Archiv d. Pbarm. [3], xii. 289. 
See also Hager, Pbarm. CentralbUtt, 137. 169, 195, 1870 ; and Flilckige.% 
Scbweiz. Wocbenscbr. f. Pbarm. 261, 1870. 
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Impure Chloral Hydrate^ (2 drops to 1 of oil), resembles the fore- 
going reagent in the colouration it produces with many oils. It 
differs, however, in its behaviour to oil of lemon and bergamot, 
with which it assumes a reddish colour ; cloves, which turns red 
on warming ; mace (fine rose-red), pepper (reddish-violet), copaiba 
(dark-green), valerian (greenish), cummin (fine green), cinnamon 
(green, with violet margin), and myrrh (reddish-violet). 

Alcoliolic hydrochloric acid varies in its action with the amount 
of acid it contains. A dilute solution is to be preferred, as 
the colourations appear more slowly, but are purer. Dilute 
alcoholic hydrochloric acid in the proportion of 15 to 20 drops to 
1 of oil yields colotirless mixtures with oil of turpentine, caraway, 
coriander, cardamoms (cone, acid, cherry-red), cloves, rosemary 
(cone, acid, deep cherry-red); yellow mixtures with bergamot 
(cone, acid, orange to olive-green), mace (cone, acid, reddish-brown), 
dill (cone, acid, cherry-red), bitter orange, cummin (cone, acid, 
deep violet) ; brownish-red with oils of cascarilla, lavender, sweet 
marjoram, worm-seed, juniper (cone, acid, red) ; rose to de^ red or 
reddish-violet with oils of cubebs, pepper, copaiba, cedar wood, cin- 
namon, nutmeg, thyme, laurel, sweet-flag and myrrh ; red, tui'mng 
blue, with oil of peppermint. 

ConcerUrated sulphuric add (2 or 3 drops to 1 of oil) assumes with 
most oils a yellow colour, turning brown, and frequently parsing 
finally to a fine red. The latter colouration is observable with 
oils of caraway, mentha crispa, sweet marjoram, star-anise, 
mace, dill, juniper, cubebs, copaiba, sage, winter-green, lavender, 
amomum, cascarilla, nutmeg, thyme, sandal-wood, peppermint, 
myrrh, and parsley. Oils of cardamoms, cloves, fennel, anise, 
cajeput and laurel produce a viokty cinnamon a green and blue 
colouration. 

If a drop of the oil is mixed with 1 cc. of chloroform and 2 
drops of cone, sulphuric acid added, similar colours are produced^ 
and imparted to the chloroform. 

^ Jehn was the first to observe that this reagent produced a currant-red 
colour with oil of peppermint. Its use is, however, open to objection, as it is 
not yet known what impurity causes the colouration, and it is therefore impos- 
sible to prepare a reagent of constant composition. If 100 cc. of alcohol are 
saturated with chlorine, mixed with sulphuric acid (after partially separating 
the hydrochloric acid by evaporation) and the resulting metachloral distilled, a« 
very satisfactory reagent will be obtained, but its activity diminishes on 
keeping. 

* But not if petroleum spirit is used instead of chloroform. 
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Frohde^s Eeagent^ resembles sulphuric acid in its action ; but the 
colours are purer and make their appearance more rapidly. Very 
characteristic colours are produced with some oils by sulphuric 
acid mixed with ^th of its volume of a 5 per cent aqueous solution 
of ferric chloride. 

The oils should be dissolved in chloroform, in which the colour- 
ing matter is also soluble and thus seen to advantage. 

Oils of pennyroyal, parsley, coriander, fennel, anise, savin and 
turpentine cause no colouration in the chloroform, even after the 
lapse of some time ; with oils of ledum and peppermint it assumes 
a red tiiige ; with ledum-camphor, and oils of thyme, cajeput, 
^alangal, pepper, cubebs, copaiba, juniper, violet or bluish-violet ; 
with serpyllum, sweet marjoram, rosemary, caraway, dill, nutmeg, 
cloves, worm-seed, cinnamon, green or bluish-green; with oil of 
bergamot, etc., olive-green. 

Fuming nitric acid (5 drops to 1 of oil) gives specially charac- 
teristic colourations with oils of mace and nutmeg (blood-red), 
•cubebs (green), copaiba (bluish-violet), gaultheria (cherry-red), 
•cinnamon (carmine), myrrh (reddish-violet), pimento (blood-red), 
And pennyroyal (violet). 

Picric acid (0*05 gram to 5 to 6 drops of oil) is easily dissolved 
by some oils in the cold (caraway, cardamoms, cloves, rosemary, 
juentha crispa, sweet marjoram, anise, star-anise, dill, valerian, 
cummin, gaultheria, cinnamon, sweet flag); by others only on 
warming. Some of the solutions deposit cr^^stals on standing 
i(tui*pentine, lemon, bergamot, sweet marjoram, mace, dill, galangal, 
bitter orange, worm-seed, valerian, cedar-wood, lavender, cajeput, 
nutmeg, thyme, laurel and sandal-wood) ; others gradually assume 
characteristic colourations : thus oil of mentha crispa becomes 
olive-green; cloves, sweet marjoram, anise, star-anise, nutmeg, 
cinnamon, cummin, amomum and thyme, orange; fennel and 
myrrh, blood-red ; dill, cascarilla and galangal, brown ; worm-seed, 
reddish-brown ; sweet- flag, deep brown ; peppermint, deep grass 
green. 

Fliickiger^ recommends acting upon a solution of the ethereal 
oil in bisulphide of carbon (1 in 15) with sulphuric and nitric acids. 
With oil of valerian and nitric acid (specific gravity, 1*2) he 
observed a green colouration of the bisulphide, and red of the acid 

^ 1 cc. cone Eulphuric acid with 0*01 gram molybdate of soda. 
« Schweiz. Wochenschr. f. Phann. 261, 1870. 
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layer ; with a mixture of both acids, blue. Gurjun-balsam oil 
behaved similarly, and oil of cubebs also turned blue with a 
mixture of both acids. 

Solid iodine added to ethereal oils produces somewhat varying 
effects. With some oils, especially terpenes of the formula Ci^H^^, 
the action is very energetic, and accompanied by evolution of both 
light and heat, whilst with others nothing of the kind is observ- 
able. Chromic acid also reacts explosively with certain oils. Some 
oxygenated oil8(carvolof cummin oil) yield crystalline 5M/p^Ayc?ra/e5 * 
when mixed with alcoholic solution of sulphide of ammonium^ from 
which the oil may be separated by decomposition with potash. ^ 
If hydrochloric acid gas is passed through ethereal oils, 
crystalline or liquid hydroclilorates are not unfrequently produced, 
which may be characteristic of the oil acted upon- The NOCl 
group sometimes combines with hydrocarbons of the terpene 
series to form compounds of the formula CioH^gNOCl, and, 
according to Tilden, this reaction also maj'^ be employed in dis- 
tinguishing ethereal oils. Tilden^ obtained crystalline compounds, 
with French and A.merican oil of turpentine, with oil of juniper, 
sage, caraway, bitter orange, bergamot, and lemoa 

For the use of cohesion figures in identifying the various 
ethereal oils see Kate Crane ^ and Tomlinson."* 

§ 143. Fractional distilhiiion. — Linnemann's apparatus^ (fig. 6) 
is very serviceable in fractionally distilling ethereal oils (§ 30). 
A is a tube of about 40 cm. in length and 1 cm. in diameter ; at 
about 32 cm. from one end a second tube, B, is fused on at an 
angle of about 80°, so that it can be connected with a condenser. 
Just beneath the junction, and at a distance of 20 and 25 cm. from 
the end, bulbs are blown. At the upper end a thermometer is 
introduced, the bulb of which should be in C. In the lower part 
of the tube about 8 cup-shaped pieces of platinum gauze are 
inserted. These are intended to receive the condensing vapour 
from the liquids of higher boiling points and wash, as it were, the 
vapour of more easily volatile liquids. Smaller apparatuses of 
30 or 25 cm. in height may be used for special purposes. 

For distillation in a imrtial vacuum the apparatus represented in 

^ Compare Jahresb. f. Phann. 468, 1867. 

* Pharm. Jonm. and TraiiH. [3], viii. 188. 

» Pharm. Journ. and Trans. [3], v. 242. "* Ibid. v. 280. 

^ AnnaL d. Chem. und Pharm. clx. 195, 1872. 
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fig. 7 has been recommended by Thorner.^ The method of using 
it ie sufficiently intelligible from the figure, and requires no 
special description. 

§ 144. Further Examination of Ethereal Oils. — For details of the 
analysis of ethereal oils by fractional distillation, I refer to the 
examination of eucalyptus oil by Faust and Homeyer,^ of parsley 




Ftg. a. 

oil by Gerichten,^ and oil of sage by Muir and Suguira.* In the 
investigation of oil of dill by Nietzky,' of oil of valerian by 
Bniylante (see below) and of arnica by Sigel," the fatty acids 
present in the oil are included. Ethereal salts were found by 

1 Ber. d. d. chem. Ges. ii. 1SS8, 1873. See also Bevui, Cbem. Newi, 
ixxvlii. 183, 1879. 

* Ber. d. d, chem. Gea, vii. 63 and 1429, 1874 (Joum. Cbetn. Soc. juvii. 
*75). 

■ Bel. d. d. chem. G«s. Ix. 15% snd 1477, 187S (Joum. Chem. Soc. xxx. 78.) 

* Phsnn. Joum. and Trans. [31, vii. 265, 1876 ; viii. 191, 1877. 

> Arehiv d. Pharai. [3], it, 317, 1874 (Journ. Cbm. Soc. i»vii. 892). 

■ Annal d. Cbem. und Pharm. clxx. 345, 1873 (Journ. Chem. Soc. xxvii 
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Renesse^ in the oil of Pastinaca sativa and by Moslinger^ in that 
of Heracleum sphondylium. 




^i\^»««* 



Fig. 7. 



Bruylants included aldehydal substances in his examination of 
oil of tansy.* 



^ AmuJ. d. Chem. und Fharm. clxi. 80 ; clxxi. 380 (Journ. Cbem. Soc. 
xxvi. 642 ; xxvii. 1145). 

^ Ber. d. d. chem. Ges. ix. 998. See also Zincke, Annal. d. Chem. und 
Pharm. clii. 1, 1869 ; Ber. d. d. chem. Ges. iv. 822, 1872. See also Gutzeit, 
' Ueber das Yorkommen des Aeth^rlalkohols im Pflanzem'eicbei* Jena, Dufft, 
1875 (Journ. Chem. Soc. xxviii. 1245). 

^ Ber. d. d. chem. Ges. xi. 449, 1878 (Journ. Chem. Soc. xxxiv. 157). 
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RESINS, ANTHRAQUINONE-DERIVATIVES, BITTER PRINCIPLES, ETC. 

§ 145. Besin-acids and the more important methods for tJieir separa- 
tion. 

With regard to the coniferous resin-acids, the observations made 
in § 131 may be supplemented by the following: 

Ahietic acid^ occurs in lamellar crystals, softening at 129* and 
melting at 144°, soluble in alcohol and ether, and forming salts 
with most bases. Prolonged heating converts it into its anhy- 
dride, which is soluble in absolute alcohol, and was formerly 
known as pinic acid. The alcoholic solution of this substance 
yields no crystals on evaporation ; it is gradually reconverted into 
abietic acid by the continued action of 70 per cent, alcohol. 

Fimanc acid, from Pinus pinaster, forms granular crystalline 
masses melting at 149*, difficultly soluble in cold, but easily in 
boiling alcohol, and soluble in ether. It resembles abietic acid in 
most of its properties, but differs in possessing a bitter taste, 

For podocarpic acid see Oudemans ;^ gardenin, Stenhouse and 
Groves ;^ phyllic acid, Bougarel.'* 

In isolating resin-acids one of the following methods will be 
frequently found successful : 

a. Successive treatment with spirit of different strengths, finally 
adding water and shaking with ether. It will be observed that 
resin acids are, as a rule, more easily soluble in dilute spirit than 
resin-anhydrides, wax, etc. It was by this method that I suc- 
ceeded in isolating mongumic acid from a bark imported from 
Madagascar.^ The residue obtained on evaporating the ethereal 
extract was treated with 85 per cent, spirit, which left a wax 
undissolved. The spirituous solution was evaporated, and the 

^ Maly considered the add formerly known as sylvic acid to be abietic ; 
Duvemoy regards it as a modification of pimaric acid. 

' Ber. d. d. chem. Ges. vi. 1122; AnnaL d. Chem. und Pharm. clxx. 213 
(Joum. Chem. Soc. xxvii. 72). 

' Annal. d. Chem. und Pharm. oc. 811 (Joum. Chem. Soc. 1878). 

* Union Pharm. xviii. 262, 1877 (Joum. Chem. Soc. xxxii. 905). A sub- 
stance similar to that described under the above name is often met with in the 
analysis of herbaceous and leathery leaves. It is soluble in boiling alcohol, 
and separates from such solution, after the wax, on evaporating and cooling. 
It crystallizes in colourless scales, dissolveti with difficulty in water and 
glycerin, is soluble in ether %nd chloroform, and also in warm potash, but pre- 
cipitated by an excess of the latter. 

« Pharm. Joum. and Trans, [3], ix. 816 (1879). 
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mass treated with 50 per cent, spirit, in which a little brown 
resin was found to be insoluble. To the alcoholic solution ether was 
added, and then sufficient water to cause separation. On well 
shaking the ether dissolved the whole of the mongumic acid, the 
addition of a few drops of acetic or hydrochloric acid facilitating 
solution. The mongumic acid was then obtained by evaporating 
the ethereal liquid. 

h. Treatment of ilie mixed resins with a sohUion of soda or poUtsh in 
dilute spirit, and recovery of the resin by the addition of acetic or 
hydrochloric acid and filtering, or, if very finely suspended, 
shaking with ether. I adopted this method in separating a resin- 
acid from pseony-seed.^ The mixed resins were treated with 
boiling 85 per cent, spirit, and the liquid kept at 0' for some time, 
to allow of the separation of a little resin anhydride that had 
been carried into solution. To the filtrate water was added till 
the spirit was reduced to a strength of 50 per cent., by which the 
resin was precipitated. The mass was then dissolved in a solu- 
tion of soda in 50 per cent, spirit, again precipitated by the 
addition of acid, and finally decolourized in alcoholic solution by 
animal charcoal. In adopting this method the requisite strength 
of the spirit must be ascertained by preliminary experiments. 

c. Treatment of the mixed resiiis tcith aqueous soda or potash. — 
Any resin dissolved by the alkaline liquid may be generally re- 
covered by acidification with acetic or hydrochloric acid. (Com- 
pare also § 45). 2 It is, moreover, not unfrequently possible to 
obtain sparingly soluble combinations of the resin with silver, lead, 
barium, calcium, etc., by adding salts of those metals to the solu- 
tion of resinate of soda. This method is sometimes successful in 
cases of mixtures of several resin-acids or of a resin-acid with other 
resinous substances soluble in solution of soda. The resins present 
may be separated by fractional precipitation ; or it may happen 
that only one is precipitated by the salt used, in which case, of 

^ Archiv d. Pharm. [3], ix. 426, 1879 (Journ. Chem. Soc. xxxvi. 1043). 

2 Chryftin, disoovered by Piccard in the buds of the poplar (Ber. d. d. chem. 
Ges. vi. 884, 1873 ; Journ. Chem. Soc. xxvi. 1236) might be isolated by this 
method. It is precipitated yellow by acids, is somewhat sparingly soluble in 
ether and alcohol, and almost insoluble in petroleum, bisulphide of carbon, 
chloroform, and benzene. The latter, when warm, removes the so-called 
tectochrysin. An alcoholic solution of chrysin is coloured violet by ferric- 
chloride, and gives with neutral acetate of lead a yellow precipitate, soluble in 
excess and in glacial acetic acid. 
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course, the others remain in solution ; or finally a mixture maybe 
precipitated, in which, however, a separation may be effected by 
treatment with solvents or by decomposition with carbonic acid, 
etc. Hirschsohn met with a case of this description in his examina- 
tion of galbanum.^ The resinous portion of the drug was digested 
with soda, and to the solution chloride of barium was added tiU 
no further precipitate was produced. From the dried barium 
precipitate boiling alcohol dissolved a rather large amount, which 
separated again on cooling, and contained only 1*07 per cent of 
baryta. This portion must have been carried down either 
mechanically or in so loose a state of combination that boiling 
spirit sufficed to effect a decomposition into acid and bajsa The 
alcoholic solution contained a second resin-acid, which was partly 
precipitated on passing carbonic acid through the liquid, and 
partly, in masses of fibrous crystals resembling asbestos, on the sub- 
sequent addition of water. Boiling 95 per cent, alcohol extracted 
it from the dried precipitate. The dilute alcoholic liquid, after 
treatment with carbonic acid, was acidulated with hydrochloric 
acid, which threw down a flocculent precipitate, soluble in 
ammonia. In addition to these three resins a fourth had escaped 
precipitation with chloride of barium. It could be separated by 
passing a current of carbonic acid through the alkaline solution. 

In fractionally precipitating with silver or lead salts attention 
should be directed to the percentage of the metal and the melting 
point of the resin acid contained in the precipitates. These two 
points are frequently of service in identifying acida 

d. The mixed resins may finally be separated by dissolving them 
in spirit and fradumally precipitating with alcoholic solution of acetate 
of lead. 

§ 146. Resins and Gumrresins of Commerce. — The examination 
of commercial resins and gum-resins, which generally consist of 
ethereal oil and various resinous substances frequently accompanied 
by mucilage, sugar, etc., was at my suggestion undertaken and 
carried out by Hirschsohn. The following is an abstract of his 
results.*^ 

^ Fharm. Zeitschr. f. Buasland, p. 225 et seq., 1875 (Pharm. Jonm. and 
TniiB. [3], vu. 369 et seq,). 

> Pharm. Zeitschr. f. Buasland, 225 et eeq., 1875 ; 1 et eeq., 1877. 'Beit- 
rafl^e zur Chezn. der wichtigeren Harze, Gummiharze and Baluame,' Diss. 
Doipat, 1877. Archiv d. Pharm. [3], x. 481 et aeq. ; xi. 5i et eeq. ; ziii. 288 
et eeq. Pharm. Joum. and Trans, viii. 389 et seq. 

9 
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1. For the determination of the ethereal oU petroleum spirit maj 
be used as a solvent^ (See §§ 9, 22, 23, 138.) But, as elsewhere 
observed, part of the resin will also be dissolved; the residue 
obtained by evaporating at the ordinary temperature till the 
weight is constant must therefore be heated to 11 0*" or 120^, and 
the percentage of ethereal oil calculated from the loss. The 
amount of resin dissolved by the petroleum spirit, which is thus 
simultaneously ascertained, may be of use in estimating the value 
of different varieties of a resin or in detecting adulterations (in the 
case of copal, the l^ptter the quality of the resin the smaller the 
percentage of non-volatile substances soluble in petroleum spirit). 
The mixture (of ethereal oil and resin) obtained by evaporating 
the petroleum-spirit solution frequently yields colour-reactions with 
the reagents mentioned in § 142. 

2. The residue insoluble in petroleum spirit is treated with ether 
and the substances dissolved estimated It should be ascertained 
if ether takes up all the resin insoluble in petroleum spirit or if a 
further portion is removed by subsequent treatment with alcohol. 
Gum-resins will of course always leave a residue insoluble in 
ether, consisting of sugar, gum, salts, etc. The ethereal solu- 
tion should be tested as to its miscibility with alcohol and the 
residue after evaporation for colour-reactions as mentioned 
in 1. 

3. The estimation of substances soluble in alcohol, both in the 
original drug and after treatment with ether, together with the 
qualitative examination of the solution, may likewise yield results 
of some value. In the case of gum-resins sugar is one of the prin- 
cipal substances extracted by alcohol (See ^ 70, 83 et seq, ; 200 
etseq.) It should be ascertained whether a turbidity is produced 
by adding ammonia, ether, or alcoholic solution of acetate of lead 
to the spirituous extract from the original resin. 

4. If a gum-resin is under examination, water will remove gum 
(§§ 73 d seq.; and 193 et seq.) and certain salts from the residue 
after treatment with alcohol Note should be taken if a gum 
swelling, but not dissolving, in water is present. (See §§ 103 and 
193 et seq.) 

5. Important results may also be obtained by treating the 
original resin with chloroform, ether, or saturated aqueous solution 

^ The resin should be rubbed down as fine as possible with powdered glass, 
and then macerated with petroleum spirit. 
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of carbonate of soda. The latter may cause a colouration or take 
up cinnamic acid (detected by the permanganate of potash reaction 
{§ 26), etc.). For details of the scheme published by Hirschsohn 
for the identification of the more important resins and gum-resins, 
reference must be made to the original papers, eta, already quoted. 

§ 147. Fceonio-Jluarescin, — If agitation with ether (§ 44) removes 
any substance from solution in caustic alkali it should be ascertained 
whether the same can be extracted from a solution in a carbonated 
alkali It was found that pseonio-fluorescin^ could be obtained 
much purer by using a carbonated rather than a caustic alkali, as the 
latter partially decomposes it, whilst the former does not. Whether 
the seeds of other plants contain in their testa a body allied to, or 
identical with, pseonio-fluorescin, and possessing, therefore, a strong 
fluorescence in ethereal solution, is a matter for investigation. 

Pseonio-fluorescin is sparingly soluble in chloroform, benzene, 
imd cold water (somewhat more freely in warm), but insoluble in 
petroleum spirit It is precipitated from a warm (50°) aqueous 
solution by gelatine, but not by acetate of lead or copper. On 
boiling with very dilute hydrochloric acid an intense green colour 
is developed, which can be extracted by agitation with ether, and 
changes to a reddish-violet in contact with acetate of soda. Its 
solution in very dilute lime-water, extremely weak ammonia, or 
•even chalky spring-water, gradually assumes a fine red colour when 
exposed to the air. 

§ 148. Anthraguinone^derivatives. — In treating the substances 
soluble in ether (§§ 36 and 46) with alkaline liquids, any change 
of colour, especially to red, should be carefully noted. If such 
is the case there is reason to take into consideration the possible 
presence of certain anthraquinone derivatives, such as chiyso- 
phanic acid, emodin, frangulic acid, alizarin, purpurin, etc. They 
a.re soluble in very dilute alkali, and are precipitated by hydro- 
chloric acid from the deeply-coloured (generally red) solutions. 
It frequently happens that these bodies do not occur ready- 
formed in the fresh substances, or in material that has been care- 
fully dried, but are present in the form of glucosides^ (chrysophan, 
frangulin, ruberythric acid). 

The following are some of the characteristic properties of the 
foregoing anthraquinone derivatives. 

1 Archiv d. Pharm. [3], xiv. 412. 

3 Compare my paper on Analyses of Rhubarb ; Pharm. Zeitschr. f. Russland, 

9—2 
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Chrysophanie acid, as obtained from rhubarb, senna,^ etc., is 
almost insoluble in water, but if in combination with a base it 
can be extracted from aqueous solution by adding a strong acid 
and shaking with ether. The solubility in alcohol and acetic acid 
varies directly with the strength of the solvent (1 cc. of 86 per 
cent, alcohol dissolves 000017 gram at 20'' ; 1 cc. glacial acetic 
acid dissolves 0*00046 gram). 

Chrysophanie acid is sparingly soluble in petroleum spirit, but 
is dissolved by benzene and chloroform, especially when warm. 
It can be sublimed in flat rhombic prisms, which melt at 162% 
are yellow in colour, and strongly dichroic. It is easily dissolved 
by alkaline liquids, both aqueous and alcoholic, with production of 
a fine red colour, for particulars of the spectrum of which refer- 
ence must be made to Reussler's dissertation. This colouration 
in contact with alkali serves as a means of detecting chrysophanie 
acid and allied substances microscopically, but it is preferable to 
employ baryta- or lime-water, as with these bases compoimds are 
formed which are insoluble in water. 

Emodin agrees with chrysophanie acid in most of its properties^ 
but may be distinguished by its insolubility in benzene, and 
greater solubility in ether and alcohoL It melts at 245"" to 250% 
and crystallizes in needles from glacial acetic acid. 

Erythroreiin and Phasoretin may also be obtained from rhubarb ; 

they are both sparingly soluble in ether, freely in alcohol ; the 

former is coloured purple-red by alkalies, the latter reddish- 
brown. * 

Chrysarobin occurs in Goa powder;* it is soluble in boiling 
benzene, and forms a yellow solution with cone, sulphuric acid 
(chrysophanie acid, red). It is not dissolved by dilute potash, 
but with concentrated it yields a yellow solution with a green 
fluorescence. On shaking this liquid with air for some time it 
turns red, and then deposits chrysophanie acid after acidulation. 

65, 97, 1878 (Pharm. Joum. and Trans. [3]. viii. 826), and the continuation of 
the paper by Greenish, Phann. Joum. and Trans. [3], iz. 933. 

^ Compare Keussler, ' Unters. d. chiysophansaureart. Subst. der Sennes- 
blatter und der Frangulinsaure,* Diss. Dorpat, 1879, and Pharm. Zeitschr. f. 
Bussland, 257 et aeg., 1878. See also Kubly, ' Ueber das wirksame Princip 
und einige andere Best. d. Sennesblatter,' Diss. Dorpat, 1865, and Phaim. 
Zeitschr. f. Bussland, 429 et aeq., 1866 (Amer. Joum. Pharm. xxzvi 374). 

> Compare Kubly, Pharm. Zeitschr. f. Bussland, tL 603, 1867. 

' Compare Liebermann und Seidler, Ber. d. d. chem. Gres. zi. 1603 (Joum. 
Chem. Soc. zzzvi 326}. 
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Frangtdic acid can be obtained as an orange-red powder, con- 
sisting of small acicular (? hexagonal) crystals, which melt at 
255° and are not dichroia At a temperature of 18° 1 cc. of 
glacial acetic acid dissolves 0*00235 gram, 1 cc. of 96 per cent 
spirit 018 gram. The solutions of this substance in aqueous or 
alcoholic alkalies are also of a fine red colour, but prove to be 
somewhat different from those of chrysophanic acid when ex- 
amined spectroscopically. Keussler made the following observa- 
tions with aqueous solutions in caustic potash, under the conditions 
mentioned in § 22 : 

Diminished Undiminished Diminished No colours 

Intensity. Intensity. Intensity. observable. 

Chrysophanic acid . 0°— 13° 13**— 34" 84^—38'* 48° to end. 

Frangulic acid . . 0°— 18° 18°— 88° From 88° to end gradual dimini- 

tion of intenaity to complete dark- 
ness. 

Compare Plate L, 1 and 2.^ 

Alizarin forms orange-red prisms, which are also almost 
insoluble in cold water, but soluble in alcohol, ether, benzene, and 
aqueous alkalies. They melt at 215°, and can be sublimed with- 
out decomposition. Its alkaline solutions are violet, and yield 
purple precipitates with salts of calcium, barium and lead. Yogel^ 
states that the absorption-spectrum of a solution of alizarin in 
dilute alcoholic potash shows two dark bands, one of which is 
exactly divided by the line d, whilst the other begins a little 
before D, and may be traced some distance past that line. (Com- 
pare Plate L, 3.) An alcoholic solution of alizarin, after addition 
of ammonia, shows an absorption spectrum with a single ill- 
defined band in the green between D and F, (Plate I., 4). 

Furpurin shows under the last-named conditions two ill-defined 
absorption bands to the right and left of E (Plate I., 5), whilst 
an alcoholic solution made alkaline with potash absorbs dark 
blue powerfully, and shows two very deep bands between F and 
Ey and E and D, and one weak one at d. (Plate L, 6.) The 
difference between the spectra of alizarin and purpurin is so great 
that an admixture of 1 per cent of the latter can be detected with 
facility in the former. The direct detection of small quantities of 
alizarin in purpurin is, however, impossible, but^ according to 

^ For f rangnlin and f rangulic acid, see also Faust, Archiv d. Pharm. clxzxviL 
S, 1869 (Pharm. Joum. and Trans. [3], iii. 1083). 

* *Prakt. Spektralanalyse,' Nordlingen, Beck, 1877 ; and Ber. d. d. chem. 
Ges. X. 157. See also ibid. 175 and 550 (Joom. Chem. Soo. yoL zzxil). 
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Scbimk and Romer,^ indirect proof may be obtained by taking 
advantage of the unequal affinity of the two substances in alkaline 
solution for atmospheric oxygen. A solution in caustic soda is 
exposed to the air until it has become almost colourless and ceases 
to show the spectrum of purpurin after the addition of more 
alkali By acidifying with hydrochloric acid and agitating with 
ether, the alizarin can be extracted, redissolved in alcoholic 
potash, and tested spectroscopically. 

The scale on Plate I. corresponds to that described in § 20. I 
shall subsequently come to speak of the spectra of chlorophyll, 
luematoxylin, and some other colouring matters (partly taken 
from Vogel) also figured on the same plate. 

Purpurin forms orange-red needles, melting at 253**, and soluble 
in boiling water and alcohol, but more freely so in ether, bisul- 
phide of carbon, and boiling benzene. Aqueous solutions of alum 
dissolve it, forming yellow liquids with green fluorescence ; with 
dilute aqueous alkalies purple solutions are obtained ; it dissolves 
with difficulty in alcoholic soda, and is precipitated by lime- and 
baryta-water. 

The eryihrosderotin, or sclererythrin, isolated by Podwissotzky 
and myself^ from ergot is, I think, possibly identical with, or 
closely allied to, purpuria 

Alizarin is generally considered to be produced from a glucoside, 
ruberyihric add, and not to occur ready-formed in the madder 
plant ; rubery thric acid is possibly itself a product of the decom- 
position of rubian. The latter is said to be soluble in hot water 
and in alcohol ; from aqueous solution it is not precipitated by 
solution of alum or lead salts, but probably it has not yet been 
obtained in a state of purity. Boiling solutions of alkalies dis- 
solve rubian with production* of a red colouration and formation 
of alizarin, rubiretin, verantin, rubiadin and sugar. Boiling 
dilute acids induce a similar decomposition, whilst with cold 
dilute alkali it yields rubianic acid 

Ruberyihric acid is freely soluble in hot water, in alcohol, and 
in ether. It crystallizes in yellow silky prisms, and forms blood- 
red solutions with alkalies. Basic acetate of lead precipitates it 
as a vermilion-red powder. Boiling with dilute acid resolves it 

^ Ber. d. d. chem. Gres. x. 175, 1877 (Joum. Chem. Soc. xxxi. 664). 

' Archiv f. exper. Patholog. und Pharmakologie, vi. 154, 1876 (Pfaaxm. 
Journ. and Trans. [3], vi. 1001, viii. 106). Sitz-Ber. d. Dorpater Naturf. G«8.» 
892, 1877. 
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into sugar and alizarin. According to Stenbouse, morindin is 
identical with ruberythric acid, morindon with alizarin (which is 
doubted by Stein), and munjestin with purpurin. 

With regard to the constituents of madder that have been here 
mentioned, and some others that accompany or can be obtained 
from them, I refer in particular to the investigations of Schunk, 
Bochleder, Stenhouse and others, for an account of which 
Gmelin's * Chemistry ' may be consulted. 

For rhamnin, xanthorhamnin, chrysorhamnin, and their allies, see 
Fleury and Biswanger,^ Ortlieb, Liebermann, and Hormann.^ 

Bhinacanthiny discovered by liborius in Khinacanthus com- 
munis, appears to possess some of the properties common to 
anthraquinone-derivatives.^ It occurs in the intercellular spaces 
in the root bark, is soluble in ether, alcohol and dilute alkali, but 
insoluble in pure and acidulated water. Alkalies produce a deep red 
colouration, which is discharged or changed to greenish by acids. 

Alkannin is insoluble in water, but yields fine red solutions 
with ether, alcohol, bisulphide of carbon, fixed and ethereal oils. 
The spectrum is figured on Plate I., 11. Alkannin is uncrys- 
tallizable, dissolves in concentrated sulphuric acid (violet), in 
alkalies (blue), and in alcoholic ammonia. 

Bixin behaves similarly to water, alcohol and ether. It dissolves 
in aqueous alkalies also (but the compounds thus produced are 
sparingly soluble in alcohol), and is coloured blue by concentrated 
sulphuric acid.^ 

Curcumin^ is also insoluble in water, but is dissolved yellow by 
ether and alcohol, brown by alkalies. Boracic acid colours it red, 
changing to dark blue on the addition of an alkali (For its spec- 
trum see Plate I., 12.) 

For cawbogic acid, which is dissolved yellow by concentrated 
sulphuric acid, see Johnstone^ and Biichner.^ 

^ Joum. de Phann. et de Chim. xxviL 666 ; Repert. f. Phann. civ. 54. 

' Bull, de la Soc. de Mulhouse, zzx. 16 ; Ber. d. d. chem. Ges. xL 1618. 
See also Lefort nnd Stein, Jahresb. f. Phann. 145, 1867 ; 127, 1868 ; 128, 
1869 (Joum. Chem. Soc. xxxvi.). 

' SitzBer. d. Dorpater Naturf. Gee. 277, 1879 (Phann. Joum. and Tranii. 
[81 ix. 162). 

^ Compare Stein, Chem. Centralblatt, 989, 1867. 

' See Linda und Daube, Joum. f. prakt. Chem. ciii. 474, and New Series, 
ii. 86, 1870 (Joum. Chem. Soo. xxiv. 152). 

• Pha Mag. 281, 1839. 

7 AnnaL d. Chem. and Phann. xlv. 72, 1843 (Amer. Joum. Phann. xv. 129). 
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For gronhartin or taigusic acid see Stein and Amaudsoa^ 
Pipiizahaic acid also probably belongs to this group.' 
§ 149. Deiedion of Anthraquinone-derivatives, — ^To prove that 
these substances, or others that have been separated with resins, 
or resins themselves, are entitled to be considered as anthracene- 
derivatives, they may be heated dry with zinc dust in a glass tube 
in the same way as in ultimate analysis (ie,, a mixture of zinc 
dust with the substance at the end of the tube, followed by a layer 
of pure zinc), the products of decomposition being led into a 
cooled receiver.' Anthracene and methylanthracene should be 
specially looked for ; both of them are obtained in the form of 
crystalline sublimatea The former melts at 213^, possesses a 
blue fluorescence, is insoluble in water, sparingly soluble in 
alcohol, but more easily in ether, benzene and bisulphide of 
carboiL When dissolved in benzene it forms a compound with 
picric acid, which separates out in red crystals. The action of 
bichromate of potash and sulphuric acid converts it into anthra- 
quinone. If anthracene alone is obtained, a derivative of that 
body would be indicated; methylanthracene alone or together 
with anthracene would arouse suspicion of the presence of a 
methylanthracene derivative. The latter possesses, like anthra- 
cene, a powerful blue fluorescence ; it melts at 200°, forms with 
picric acid a compound crystallizing in dark red needles, yields 
with bichromate of potash, sulphuric and glacial acetic acids, 
anthraquinone-carbonic acid, which is sparingly soluble in excess 
of potash and melts at 278''. Methylanthracene is only slightly 
soluble in ether, alcohol and glacial acetic acid, but freely in bisul- 
phide of carbon and benzene. 

§ 150. Hcematoxylin, etc. — Treatment with alkali also reveals 
the presence of hematoxylin ; but it must be observed that this 
substance can be removed by pure or acidulated water from the 
evaporation-residue of the ethereal extract (§ 38).^ With aJkaHes 

^ Jonm. f. praki. Ghem. xciz. 1 ; Jahresb. f. Pbann. 165, 1866. 

* Compare Weld, Annal. d. Chem. und Pharm. xcy. 188, 1855 (Amer. 
Joum. Pharm. zxx. 446). 

* Compare Liebermann und Graebe, Ber d. d. chem. Ges. i. 49, 104, 1868 
(Jonm. Chem. Soc. xxv. 139). 

* The extraction of hsematoxylin with ether free from alcohol and water is 
generally incomplete, as it is somewhat sparingly soluble in that menstruum ; a 
part, therefore, will probably be removed on subsequently treating with 
alcohol. 
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hsematoxylin produces a beautiful violet colour; it reduces alkaline 
copper-solution as well as salts of silver and mercury, and cannot 
be sublimed. 

The best method of extracting hsematoxylin from vegetable 
substances (such as logwood) is to macerate first with water con- 
taining a little sulphurous acid and then exhaust with ether 
saturated with water. (For the spectrum, see Plate I., 7 and 8.) 

Brasillin resembles haematoxylin, and, like it, is soluble in ether, 
alcohol and water. Alkalies produce a carmine-red colouration, 
which disappears when the liquid is warmed with zinc dust, but 
returns on exposure to the air. The spectrum is shown on Plate 
I., 9. On boiling with peroxide of lead and water a strong 
fluorescence is developed. 

SarUalin is soluble in ether (yellow), and alcohol (red), but not 
in pure water. With dilute potash it yields a violet coloured 
solution, from which chloride of barium precipitates a violet 
barium-compound. It differs from alizarin in its melting-point 
(104**), in not subliming, and in pelding no anthracene^ (For 
spectrum see Plate I., 10.) 

§ 151. Detection and Estimation of Gallic Add, Catechin, etc. — In 
addition to the foregoing substances gallic acid, catechin and 
pyrocatechin are extracted by water from the evaporation-residue 
of the ethereal extract (§ 38). They are deposited in acicular 
crystals on evaporating an aqueous solution over sulphuric acid at 
the ordinary temperature, or may be removed by shaking with 
ether, or preferably, acetic ether. If in sufficient quantity, gallic 
acid or catechin may be purified by re-crystallization from boiling 
water, the former being soluble in 3 parts of boiling and about 
100 of cold water, the latter in 4 and 1 6,000 respectively. Heated 
between watch-glasses, gallic acid yields a white sublimate of pyro- 
gallol, together with black non-volatile melangallic acid. Catechin 
yields pyrocatechin. (Cf. §§ 38 and 42.) Cone, sulphuric 
acid dissolves gallic acid colourless in the cold, but on warming 
the liquid becomes wine-red and crimson. The addition of water 
now causes the separation of rufigallic acid, which is coloured 
transient blue by cone, potash. If only traces of the latter acid 
are present they may be extracted, according to Barfoed,^ from the 
aqueous liquid by agitation with acetic ether containing spirit, 
and the residue obtained on evaporation treated with potash. 

^ Barfoed, Lehrb. d. org. quaL Analyse. Lief. 1, 63. 



138 EUSINS, BITTER PRINCIPLES, ETC. 

Under the influence of alkalies gallic acid turns rapidly green^ 
red and reddish-brown. Like tannic acid, it yields inky mixtures 
with ferrous and ferric salts, but is not precipitated by gelatine 
from aqueous solution. It reduces nitrate of silver and alkaline- 
copper solution. Gallic acid is precipitated by acetate of lead^ 
and is partially removed from aqueous solution by digestion with 
the hydrate of that metal. The precipitates are, however, neither 
quite insoluble nor of constant composition, so that they cannot 
be recommended as a means of estimating gallic acid except 
under certain conditions. If a solution of hydrate of lead in 
iwtash is boiled with very dilute solution of gallic acid, a rose or 
violet colour is developed, which is persistent for some time, 
especially in the presence of alcohol (Klunge). 

CaUchin colours cone, sulphuric acid, on warming, purple, 
changing to black. Solutions in aqueous potash, ammonia or 
carbonated alkalies gradually absorb oxygen and become rose-red, 
scarletj passing to dark red and finally black. The alkaline solu- 
tion produces at first no colouration with ferrous sulphate, but & 
green tinge is subsequently developed ; acetate of soda is said to 
turn the colourless mixture instantly violet-blue, and cause the 
separation of a bluish-black precipitate. A very small quantity 
of ferric chloride colours solutions of catechin green, but excess 
causes decolourization and formation of a brown precipitate, 
like gallic acid, catechin does not precipitate gelatine, and acts as 
a reducing agent. The lead salt obtained by precipitation is not 
suited for the quantitative determination of catechin, as it easily 
decomposes (turning red on exposure to the air). 

A better method for estimating both catechin and gallic acid 
consists in agitating with ether or acetic ether and weighing the 
evaporation-residue, or preferably, titrating it with perman- 
ganate of potash. (Cf. § 52, VII. ; ^ 53 and 165.) 
iQ^o Pyrocaiechin is also easily soluble in alcohol, melts at JliL', and 

can be sublimed. Exposed to the air in alkaline solution it turns 
green and black; ferroso-ferric salts colour it dark green. It 
reduces gold and silver salts and alkaline-copper solution. With 
acetate of lead a precipitate is formed, which' is soluble in acetic 
acid ; solution of gelatine is not precipitated. 

§ 152. Querciirin, Quercetin, etc. — Quercitrin and quercetin, if 
present in the material under examination, might be partially 
extracted with ether (§ 36), by which, however, they are not very 
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easHj dissolved. They are both very slightly soluble in cold 
water ; quercetin even in hot. They dissolve in the fixed and 
volatile alkalies, and in alcohol, crystallizing from the latter 
in yellow needles. Ferric chloride colours the alcoholic solu- 
tions green (quercetin red, on warming) ; acetate of lead pro- 
duces orange-red and brick-red precipitates respectively. Both 
quercitrin and quercetin reduce solutions of gold and silver salts, 
and also alkaline-copper solution after prolonged boiling. Heat- 
ing with mineral acids resolves quercitrin into isodulcite and 
quercetin (Lowe contradicts this, and asserts that water alone is 
given ofif). It may be extracted from aqueous solution by agitation 
with amylic alcohol.^ It melts at 130° to 133°, and is insoluble 
in benzene, petroleum spirit, chloroform, and bisulphide of 
carbon. 

In close relation to, but not identical with, quercitrin or rutin 
stands the violaquerciirin recently isolated by Mandelin* from 
Viola tricolor. It was deposited in yellow acicular crystals on 
saturating the aqueous solution with benzene. Boiling with 
dilute* acids decomposed it with production of glucose, quercetin, 
and a third body as yet not further investigated. 

A body aUied to quercetin appears to occur in the rhizome of 
Podophyllum peltatum.' According to Podwissotzky, the other 
important constituents of this drug are podophyllotoxin, which 
melts at 115° to 120°, is sparingly soluble in water, soluble in 
ether and chloroform, and precipitated from chloroformic solution 
by petroleum sj^int; jncropodopkyllin, which is easily crystallizable, 
and soluble in 95 per cent, spirit, ether and chloroform, but 
insoluble in milk of lime and ammonia ; and podophylUc add, 

Gentisin is said to require 2,000 parts of cold ether for solution, 
and must therefore be looked for in the alcoholic extract It forms 
pale yellow silky needles, which can be partially sublimed without 
decomposition, requires 5,000 parts of cold, 3,850 of hot water, 
455 of cold and 62*5 of hot absolute alcohol for solution. Ferric 

^ Compare Johanson, * Zur Kenntniss einzelner cheznischer Bestandtheile 
der Weiden,' etc. Archiv d. Pharm. [8], xiii. 110, 1878 (Pharm. Journ. and 
Trans. [3], viii. 69). For Lowe's paper see Zeitschr. f. anal. Chemie, xiv. 
233, 1875 (Journ. Ghem. Soc. xxix. 108). See also Liebermann and Ham- 
bnrger, Ber. d. d. chem. Ges. xii. 1178, 1879 (Journ. Chem. Soc. xxxvi, 944). 

> Sitz-Ber. d. Dorpater Naturforscher, Ges. 1882, p. 343. 

' Compare Podwissotzky, Archiv f. Pharm. und exper. Pathologic, 29, 1880 
(Pharm. Journ. and Trans. [3], xii. 217, 1011), 
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salts precipitate it reddish-brown from alcoholic solutioa Fused 
with potash it decomposes, yielding acetic acid, phloroglucin and 
gentisic acid The latter is isomeric with protocatechuic acid (§ 42), 
and is coloured deep blue by ferric chloride. An alkaline solution 
of gentisic acid becomes red on exposure to the air ; when heated 
it yields hydroquinone, melting at IGS".! 

For thujin, see Rochleder and Kawalier ;' for ruiin (insoluble in 
ether), and rohimn, Zwenger and Dronke ;^ for luUoUny Molden- 
hauer,^ Schiitzenberger, Paraf and Eochleder.^ 

§ 153. Jalapin and Allied Substances. — To the group of substances 
that are soluble in ether, and can be removed by dilute alkali, 
but not by pure water, from the evaporation-residue of the 
ethereal extract, there belong further some glucosidal resins 
(§ 58), of which the jalapin of Ipomoea orizabensis may be taken 
as a representative. 

Jalapin is readily dissolved by alcohol, and in alcoholic solution 
is resolved by hydrochloric acid into sugar and jalapinol; the 
latter is soluble in ether, but only sparingly soluble in water. 
The action of aqueous solution of soda converts jalapin into 
jalapic acid ; the latter, after liberation with a strong acid, is 
soluble in water, but only sparingly soluble in ether. 

Jalapifiol appears to occur ready-formed in scammony, and 
possibly in scammony-root also. 

Tampidn of Tampico-jalap resembles jalapin in most of its pro- 
perties, but differs in compositioa^ The same may be said of 

1 Compare Hlaaiwetz and Habermann, Annal. der Chem. iind Pharm. clxxv. 
62 ; Ber. d. d. chem. Gee. viii. 684 ( Joum. Chem. Soc. xxviii. 572>. Hie 
actual gentian-bitter is not identical with gentisin. The former ia easUy 
soluble in water, is not thrown down by neutral acetate of lead, but precipi- 
tated by ammoniacal acetate and liberated from the precipitate by sulphuretted 
hydrogen. It can be extracted with difficulty by agitation with benzene, but 
with ease by chloroform ; ferric chloride does not precipitate it. It is sparingly 
soluble in ether, and is said to dissolve in cone, sulphuric acid with red coloura- 
tion, and to be decomposed by dilute sulphuric acid with production of sugar. 
(Compare Kromayer, loc. eU,), 

' Chem. Centralblatt, 449, 1858. 

*Ibid. 766, 1862. Annal. d. Chem. und Pharm. Supplement, i. 257 
(Amer. Joum. Pharm. xxxv. 82). 

^ Annal. d. Chem. und Pharm. c. 180, 1856. 

' Comptes Kendus, lii. 92, 1861 ; Joum. f. prakt. Chemie, xcix. 438» 
1867. 

^Compare Spirgatis, N. Report f. Pharm. xix. 452, 1870; Kohler and 
Zwicke, N. Jahrb. f. Pharm. xxxii. 1, 1869 (Pharm. Joum. and Trans. [3], 
i. 444). 
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the convolvulin of true jalap, which is distinguished by its insolu- 
bility in ether, and of iurpdhin^^ which is insoluble in ether, but 
differs in composition from convolvulin. 

All these glucosidal resins dissolve in cone, sulphuric acid with 
purple colour. 

§ 154. Estimation of Santonin. — The following method may be 
adopted for the quantitative estimation of santonin (§ 45) in 
worm-seed :* 

15 to 20 grams of the material are digested on a water-bath for 
2 hours with 15 to 20 cc. of a 10 per cent, caustic soda solution 
diluted with about 200 cc. of water, filtered and washed. The 
filtrate and washings are concentrated to 30 or 40 cc., cooled, 
neutralized with hydrochloric acid, and at once filtered. The pre- 
cipitate is washed first with 15 to 20 cc of water, and then with 
an 8 per cent, soda solution, and any crystals of santonin 
that may thus be separated subsequently added to the principal 
portion. The filtrate from the hydrochloric acid precipitate is 
acidified and shaken with 3 successive portions of 15 to 20 cc of 
chloroform. The chloroformic solutions are washed with water 
and evaporated to dryness ; the residue is dissolved in the smallest 
possible quantity of soda, filtered if necessary (washing the in- 
soluble portion with a very little water), and acidified with 
hydrochloric acid. After standing for 2 or 3 days in a cool 
place the santonin is filtered off, washed with 10 to 15 cc of 
8 per cent solution of soda, dried at llO"", and weighed. A cor- 
rection must be made of 0*002 gram for every 10 cc of mother- 
liquor, and 0*003 gram for every 10 cc. of washings. 

Santonin can also be extracted by boiling with milk of lime. 
15 to 20 grams of worm-seed are digested with 200 cc of milk of 
lime diluted with 400 cc. of water on the water-bath for 6 hours, 
boiled for half an hour and filtered. The residue is again boiled 
with 10 cc of milk of lime diluted with 200 cc. of water. The 
filtered decoctions and washings are evaporated to about 30 cc, 
excess of hydrochloric acid added, and at once filtered (the preci- 
pitate being treated with soda as before). The filtrate must 
stand for 5 or 6 days in a cool place, when the santonin may be 
collected and washed with sodarsolution. The small amount that 

1 N. Bepert. f. Pharm. xiii. 97, 1864 (Amer. Journ. Phann. xxxi. 374). 
> Compare Aichiv d. Pharm. [3], xiii. 306, 1878 (Amer. Journ. Pharm. I. 
296). 
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remains dissolved in the mother-liquor and washings may he 
removed by shaking with chloroform. 

Santonin is almost insoluble in cold water, but is dissolved by 
ether, alkalies and boiling alcohol. It melts at 169'', turns yellow 
on exposure to light, produces no colouration when dissolved in 
cone, sulphuric acid, but colours alcoholic potash transiently 
carmine. If a solution of santonin in sulphuric acid is heated to 
150'', and a drop of a dilute solution of ferric chloride subse- 
quently added, the mixture assumes a red tinge, gradually chang- 
ing to violet 

§ 155. Picrotoxin, etc — Amongst other substances to be looked 
for in the ethereal extract the following may be mentioned : 

Picrotaxin. — Soluble in 150 parts of cold, and 25 of boiling 
water, as well as in alcohol, chloroform, and amylic alcohol 
From aqueous solution (§ 55) it may be extracted by the last two 
solvents, and also by ether, but not by benzene.^ It crystallizes 
with facility from water and alcohol in four-sided prisms, reduces 
alkaline copper solution, and dissolves yellow in cone, sulphuric 
acid. If dry picrotoxin is mixed with 6 parts of nitrate of potash, 
and sufficient cone, sulphuric acid to form a pasty mass, a brick- 
red colour is developed on adding a solution of soda (1 to 3) in 
excess. The reaction succeeds better if the picrotoxin is moistened 
with nitric acid, dried on the water-bath, mixed with a very 
little sulphuric acid, and then with solution of soda. 

Bigitalin. — ^According to Schmiedeberg,^ this glucoside is in- 
soluble in water and dilute soda, but soluble in warm dilute acetic 
acid. Alcohol, alone or mixed with chloroform, dissolves it easily, 
but in pure ether or chloroform it is more sparingly soluble. It 
is a colourless crystalline glucoside, yielding glucose and digUor 
liresin by decomposition with hydrochloric acid in alcoholic solu- 
tion. It dissolves yellowish green in boiling hydrochloric acid, 
brown in sulphuric acid, the latter solution becoming violet on 
the addition of bromine water (§ 55). 

Digitozin accompanies digitalin in foxglove ; it crystallizes in 
pearly plates and needles, is not very soluble in ether, and 
insoluble in water and benzene. Chloroform and hot alcohol 

^ See also Gaabe, * ITnters fiber einige Derivate des Picrotozins.' Diss. 
Dorpat, 1872. 

2 Archiv f. exper. Patholog. und Phann. ill. 16, 1874 (Pharm. Jotun. and 
Tiana. [3], v. 741). 
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dissolve it freely. Boiled with dilute acids in alcoholic solution, 
it is transformed into toxiresin (soluhle in ether) without the 
simultaneous production of sugar. With hydrochloric acid it 
gives a reaction resembling that of digitalin, but is not coloured 
violet by sulphuric acid and bromine water. Digitalin, digitoxin 
and toxiresin are all characterized by very energetic physiological 
action that may be of use in their identification.^ 

I take this opportunity of referring to three other constituents 
of foxglove, which, however, are insoluble in ether. They are 
the following : 

DigUaleifL — This substance agrees in its physiological action 
with digitalin and digitoxin, but differs from them in its 
solubility in water and cold absolute alcohol. It is sparingly 
soluble in chloroform, and is precipitated from alcoholic solution 
by the addition of a large quantity of ether. Boiling with dilute 
acids decomposes it into glucose and digitaliresin. Sulphuric acid 
&nd bromine produce the same colouration as with digitalin. 
Tannic acid and basic acetate of lead precipitate it from aqueous 
solution (§ 55). 

Digitonin is, as already observed (§ 79), allied to saponin ; it is 
amorphous and soluble in water, to which it imparts the property 
of frothing. Ether precipitates digitonin from alcoholic solution 
more easily than it does digitaleln. Baryta-water, tannic acid, 
and basic acetate of lead precipitate it from its concentrated 
aqueous solution. Boiling with hydrochloric acid resolves 
digitonin into glucose, digitoresin and digitonein, with a gradual 
development of a garnet-red colouration. Gone, sulphuric acid 
colours it brownish red, which is not changed to reddish violet 
by bromine. 

DigUin is a resinous substance that can be obtained in warty 
crystals from alcoholic solution. It is insoluble in water, ether, 
benzene and chloroform, and possesses no marked physiological 
action. 

For coriamyrtin compare Eiban.* 

For ericoHuy which is decomposed by hot dilute sulphuric acid, 
yielding glucose and ericinol, see Bochleder and Schwartz.^ 

1 Gompaie my * Ermitteltuig d. Oifte,' 2nd ed. 272 et wq, 

3 BuU. de la Soo. chim. de Paris, vi. 87, 1864 ; vii. 79. 1865 (Amer. JoorxL 

Fharm. xxxvi. 114J. 
> Annal. d. Cbem. und Pharm. Izzxiv. 866, 1852, and Chem. CentnJblatt, 

61, 1853. Compare also my ' Ermittelung d. Gifte,' 2nd ed., 300 et eeq. 
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Ericinol is characterized by its odour. (Compare also ^ 55 and 
167.) 

Vanillin (cf. § 167), the aromatic constituent of vanilla, is 
very sparingly soluble in cold petroleum spirit, but might be 
partially carried into solution in the presence of fixed or ethereal 
oil j as a rule, however, it may be found in the ethereal extract. 
It is colourless, crystalline, possesses the pleasant odour of vanilla, 
and is soluble in 183 parts of water (at 18"*), in 4*4 parts of 
alcohol (specific gravity 0803), and in 6*24 parts of ether. It 
melts at 82'', and is soluble in dilute soda j ferric chloride colours 
the aqueous solution dark bluish-violet. Being an aldehyde of 
methylprotocatechuic acid, it combines with acid sulphites 
(§ 33), and it is upon this property of vaniUin that the follow- 
ing (Thiemann and Haarmann's) method of estimation is 
based :^ 

The ethereal extract of about 30 grams of vanilla is evaporated to 
150 cc., and thoroughly shaken for 10 to 20 minutes with a mix- 
ture of water and saturated aqueous solution of bisulphite of soda. 
The ethereal solution is separated and again shaken with 100 cc. 
of the bisulphite mixture. The aqueous solutions are united and 
washed with pure ether to remove impurities. To every 100 cc. 
there are then gradually added 150 cc. of a mixture of 3 vols. 
of pure sulphuric acid with 5 vols, of water. The sulphurous 
acid evolved is received into solution of soda, the remainder being 
expelled by passing a current of steam through the liquid. After 
cooling, the vanillin, which has been liberated, is extracted by 
shaking with 3 to 4 successive portions of ether, and can be 
weighed after evaporating the ethereal solution. 

OstnUkiiny which resembles vanillin in being sparingly soluble 
in petroleum spirit^'^ is not precipitated by that liquid from 
ethereal solution. It crystallizes in delicate, pale yellow needles, 
melting at 91" ; is insoluble in cold water, sparingly soluble in 
boiling water and benzene, freely in alcohol and in ether. The 
alcoholic solution possesses a feeble blue fluorescence, which is 
increased by the addition of water. With aqueous alkalies it forms 
strongly fluorescent solutions, from which carbonic acid precipi- 
tates the ostruthiin unaltered. It gives no characteristic reactions 

^ Zeitschr. f. anal. Chemie, zv. 350, 1875 (Joum. Cbem. Soc. xxix. 112). 
' Compare Gonip-Besanez, Annal. d. Chem. und Pharm. dxxxiii. 321, 1876 
(Phona. Joum. and Trans. [3], vii. 984). 
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with metallic salts, nor does it yield angelic acid or allied sub* 
stances when acted upon by alkalies. 

Peucedanin^ is allied to, but not identical with, ostruthiia It 
yields no yalerianic or angelic acid, but is decomposed by the 
action of acids into oreoselon and methyl-compounds; it is, in 
fact, dimethyl-oreoselon. Peucedanin melts at TG"*, is colourless, 
crystalline, insoluble in cold water, but freely soluble in alcohol 
and ether. 

Oreoselon can be obtained from peucedanin ; it is almost insoluble 
in cold water, but soluble in alcohol, ether and benzene. Bisul- 
phide of carbon, ammonia and dilute alkalies dissolve it only when 
warmed, and the latter solution reduces alkaline copper-salts. 
The alcoholic solution is not altered by ferric chloride. A blue 
fluorescent solution is yielded by cone, sulphuric acid, but not by 
alkalie& Fused with an alkali, it yields acetic acid and resorcin 

(§ 42). 

Athamanihin,^ — ^The statement that this substance is divaleryl- 
oreoselon requires further investigation. It crystallizes in colour- 
less needles melting at 79^ is insoluble in water, but dissolves in 
diluted alcohol and in ether. 

LaserpUin^ forms colourless prisms, melting at IH"*, and is 
sparingly soluble in water and alkalies, but freely in alcohol, ether, 
chloroform, benzene, and bisulphide of carbon. Cona sulphuric 
and fuming nitric acid dissolve it with red colouration ; boiling 
with alcoholic potash is said to decompose it into angelic acid and 
laserol. 

Cubebin can also be obtained in colourless crystals, melting at 
120^ difficultly soluble in cold, more easily in warm water, and 
soluble in 26 parts of ether, 76 of cold and 10 of boiling alcohoL 
It can be removed from aqueous solution by shaking with benzene 
or chlorofomt Cone, sulphuric acid is coloured red by cubebin. 
Aqueous alkalies do not dissolve it^ (C£ § 55.) 

Betvlin is likewise tolerably freely soluble in ether and boiling 

^ Compare Hlasiwetz und Weidel, AnxuJ d. Chem. und Pharm. clxxiv. 67 ; 
Heut, ibid, clzzvi. 70 (Joorn. Chem. Soc. zxviii. 258, 772). 

^ Compare Schnedennann und Winkler, Annal. d. Chem. und Fharm. li. 
^15, 1844 ; Hlaaiviretz und Weidel, ibid, clxxiv. 67. 

' Compare Feldmann, 'TJeber das Laaerpitin.' Dias. Gottingen. 

' For an analysis of cubebin compare Schmidt, Jahresb. f. Pharm. 51, 1870 
(Pharm. Joum. and Trans. [3], ii. 270). For cubebin see Weidel, Jahresb. f. 
Pharm. 68, 1877 (Amer. Joum. Pharm. 1. 257). 

10 
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f 

alcohol, but insoluble in water and petroleum spirit It dissolves 
in cone, sulphuric acid, from which it can be precipitated by 
water. Betulin forms white crystals, which melt at about 200°, 
and are not attacked by aqueous alkalies.^ 

Anacardic tLcid can be obtained as a white crystalline mass, 
melting at 26°, freely soluble in alcohol and ether, and dissolving 
in cone, sulphuric acid with blood-red colouration.* 

Cardd is a colourless oil accompanying anacardic acid in the 
cashew nut. It is soluble in alcohol and in ether, but not in 
water, and possesses powerful vesicant properties (not shared by 
anacardic acid). It can be removed from suspension in water by 
agitation with chloroform. Contact with dilute potash for a short 
time does not result in the loss of the vesicant property of cardol, 
as is the case when the alkali is concentrated and the action pro- 
longed The tough mass thus produced becomes red on exposure 
to the air, and gives with basic acetate of lead a precipitate that 
shows the same peculiarity. 

§ 156. Ahsinthiiny etc. — The following bitter principles are also 
soluble in ether : ahsinlhiin^ (dissolves in cone, sulphuric acid with 
brown colour, passing to violet See also § 55), adansonin^^ 
alchominy^ anihemic add,^ aviiriny'^ aristolochia-^dloWy^ arnkm^^ 
asdepiadin,^^ beberic add,^^ caUcedrifiy^^ caryophyllin^^ (coloured blood- 
red by concentrated sulphuric acid, cf. § 55), cascarUlin^* 

^ Compare Hausxnann, ' Beitrage zur Kenntniss des Betulins,' Gottingen^ 
1878. 

^ See Stadeler, Annol d. Chem. und Ph&rm. Ixiii 137, 1847 (Amer. Joum. 
Phann. xx. 189). 

* Compare Kromayer, Archiv d. Phann. cviii. 129, 1868. 

* Compare Walz, Jahrb. f. prakt. Pharm. xxiv. 100, 242 ; xxvii. 1 ; 
Wittstein, Vierteljahreeach. f. prakt. Pharm. iv. 41. 

^ Compare Frenzel, Archiv d. Pharm. xxiii. 173, 1829 ; Biltz, ibid. xii. 46, 
1826. 

< Compare Jahresb. f. Pharm. 51, 1867 ; 46, 1871. 

."^ Compare Walz, Jahrb. f. prakt. Pharm. xxvii. 74, 129 (Amer. Joum. 
Pharm. xxxv. 295). 

^ Compare Frickinger, Repert f. Pharm. [3], vii. 12. 

* Compare Walz, N. Jahrb. f. Pharm. xiii. 176 ; xiv. 79 ; xv. 329, 1860, 
1861 (Amer. Joum. Pharm. xxxiii. 451). 

^^ Compare List, Aunal. d. Chem. und Pharm. Ixix. 125, 1849. 

^^ Compare Maclagan, Annal. d. Chem. und Pharm. xlviii. 106, 1843 ; Iv. 
105, 1845 (Amer. Joum. Pharm. xix. 113). 

^3 Compare Caventou, N. Jahrb. f. Pharm. xvi. 335, 1861. 

^' Compare Bonastre, Jahrb. f . Pharm. xL 103 ; and Jahn, Annal. d. Chem. 
und Pharm. xix. 383, 1837. 

1^ Compare Trommsdorf, N. Joum. f. Pharm. xxvi. 2, 142 ; and Duval, 
N. Jahrb. f. Pharm. viii. 95, 1857. 
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(the same), chimaphUin^ ehiratin^ and ophelic add, dcutin,^ 
eolumbifL* 

Cot&in^ crystallizes in quadratic prisms, is sparingly soluble in 
cold water, freely in alcohol, ether and chloroform. It melts at 
130°. Ferric chloride colours the alcoholic solution dark brown. 
Warming with nitric acid colours cotom blood-red, paracotoin 
brown. The latter melts at 152° (uncorrected). A description of 
leucotin, oxyleucotin and hydrocotom will be found in the re- 
searches on cotoln and paracotoin above referred to. 

Elaterin^ is sparingly soluble in ether, and is coloured yellow 
by cone, sulphuric acid. 1 to 2 drops of carbolic acid produce a 
red tinge, which changes to crimson on the addition of the same 
quantity of cone, sulphuric acid. (See also § 55.) 

I may mention further, erythrocemtaurin,'^ eupaioriuy^ gwadn^ 
hop^ter.^^ (To isolate the hop-bitter Isleib exhausts hops with 
cold water, absorbs the bitter principle with charcoal, extracts it 
from the same with 90 per cent, alcohol, distils, and, after 
separating the resin, shakes the resulting liquid with ether. He 
confirms the statement that hop-bitter is not a glucoside, but, on 
boiling with dilute acids, combines with a molecule of water 
yielding sparingly soluble lupuliretin. Part of the hop-resin may 
be removed from aqueous solution by shaking with petroleum 

^ Compare Fairbank, Vierteljahresschr. f. prakt. Phanu. ix. 582, 1860 
(Amer. Joum. Pharm. xxzii. 256). 

^ Compare Eemp, Pharm. Joum. and Trans. [8], 1, 251, 1870 ; Hohn, 
Archiv d. Pharm. clxxxix. 229, 1869. 

' Compare Wik^mski, ' Ein Beitr. z. Kenntniss der giftigen Wirknng d. 
Waaserschierling.* i)iaa. Dorpat, 1875/and Jahresb. f. Pharm. 493, 1875. 

* Compare Boedecker, Annal. d. Chem. und Pharm. Ixix. 37, 1849 (Amer. 
Joum. Pharm. xx. 324). 

^ Compare Hesse, and Jobst. Neues Report, f. Pharm. xxy. 23, 1876 ; Ber. 
d. d. Chem. Ges. x. 149, l377 ; Annal. d. Chem. und Pharm. cxcix. 17, 1879 
(Pharm. Joum. Trans. [3], vi. 764 ; vii. 495, 1019 ; x. 521, 641). 

* Compare Zwenger, Annal. d. Chem. und Pharm. xliii. 359, 1842 ; Walz, 
N. Jahrb. f. Pharm. xi. 21, 178, 1859 ; Kohler, N. Hepert. f. Pharm. xviii. 
577, 1869. 

7 Compare M^hu, Jahresb. f. Pharm. 70, 1866 ; 92, 1870 ; 56, 1871 (Amer. 
Joum. Pharm. xxxviii. 803). 
^ Compare Kighini, Joum. f. Pharm. xiv. 623. 

* Compare Pettenkofer, Repert. f. Pharm. Ixxxvi. 811 ; Faur^, Jahrb. f. 
Pharm. xxii. 291. 

^^ Compare Lermer, Yierteljahresschr. f. prakt. Phami. xii. 504, 1863 ; 
Bissell, Amer. Joum. Pharm. xlix. 582, 1877 ; Griessmayer, Ber. d. d. Chem. 
Ges. xi. 292, 1878 (Joum. Chem. Soc. xxxiv. 449) ; Isleib, Archiv d. Pharm. 
[8], xvi. 345, 1880 (Joum. Chem. Soc. xl. 101) ; Cech, Zeitschr. f.anal. Chem. 
zx. 180, 1881 (Joum. Chem. Soc. xl. 946). 

10—2 
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spirit Griessmayer has availed himself of this property of hop- 
resin in the examination of beer. Gl § 55.) Other bitter prin- 
ciples are huriny^ jervasic acidy^ juniperin^^ Uriodendriny* lycopin,^ 
marrMn,^ mangostin^ masopin^ and meconin.^ The last-named is 
soluble in hot water, and can be extracted from^aqueous solution 
after acidification with sulphuric acid, by shaking with benzene, 
chloroform, or amylic alcohol With benzene it can be obtained 
fairly pure, and can be detected by cone sulphuric acid, in which 
it dissolves without at first producing any colouration ; but the 
solution gradually assumes a greenish, and in the course of twenty- 
four hours a reddish tinge. If the liquid is then warmed, the colour 
changes to emerald-green, blue and violet, and becomes finally red. 

Meconin is accompanied in opium by meccnic acid, which is 
sparingly soluble in water and ether, but more easily in alcohoL . 
Boiling with water or dilute acids decomposes meconic acid ; with 
ferric chloride it strikes a blood-red colour, which is not discharged 
by a little hydrochloric aci or chloride of jgold. It can be 
removed from aqueous solution by shaking with amylic alcohol. 
Meconate of calcium is soluble, but the magnesium salt only 
sparingly so. Chelidonic acid from Ghelidonium majus is sparingly 
soluble both in cold water and in alcohol^® 

There may be further mentioned here, methysticin^^ (which is 
slightly soluble in cold ether and dissolves in pure cona sulphuric 
acid with fine reddish-violet, in commercial with blood-red coloura- 
tion), kawdin,^^ narthedn,^^ nudn^^ (coloured purple by alkalies), 

^ Compare Boossinfjrault and Rivero, AimaL de Chim. et dePhys. xzviii. 430 
(Amer. Joum. Pharm. ii. 846). 

^ Compare Weppen, Jahresb. f. Pbarm. 81, 1872 (Joum. Chem. Soc. xxvi. 
906). 

* Compare Steer, Wiener Acad. Anz. B. xxi. 883. 

* Compare Emmet, Repert. f. Pharm. Ixxv. 88 (Amer. Joum. Pharm. iii. 5). 
^ Compare Geiger, Bepert. f. Pbarm. zv. 11. 

' Compare Kromayer, Archiv d. Pharm. cyiii. 257, 1862. 
7 Compare W. Schmidt, Annal. d. Chem. und Phaim. xciii. 83, 1854 (Amer. 
Joum. Pharm. zxvii. 381). 

^ Compare Genth, Annal. d. Chem. und Pharm. xlvi. 126, 1843. 

* Compare PeUetier, Annal. d. Chem. und Pbarm. Ixxzvi. 190, 1853, and 
Anderson, zcviii. 44, 1856. See also my 'Ermittel. d. Gifte,' 2nd ed., 238. 

^^ See Lerch, Chem. Centralblatt, 449, 1846. 

11 Compare Nolting and Kopp, Monit. scientif. [3], iv. 920, 1874 (Pharm. 
Joum. Trans. [3], vii. 149). 

" Ibid. 

" Compare Walz, N. Jabrb. f. Pbarm. xiv. 345, 1861. 

1^ Compare Yogel and Reinschauer, N. Kepert. f. Pbarm. v. 106 (1856) ; 
viL 1 (1868). 
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plmnhaffin* (coloured cherry-red by small quantities of alkalies), 
polygonic aeid,^ guassin' (whicli is soluble in water, can be removed 
by BhaHng with benzene or chloroform. See aleo § 55), rottlerin* 
sieopirin,^ tajiacelm,* tangkimn^ taraxadn? xylodtin,* xanikosderolin, 
or scleroxanlkin. '* 

§ 157. Lichen Acids and allied SvhsCances. — AmoDgsb the consti- 
tuents of plants that are soluble in ether a number occurring in 
lichens may finally be mentioned here. Some of them possess 
the characters of adds, as, for instance : 

Eoaellic add, which is itself insoluble in water, but forma soluble 
alkaline salte. It can be detected in the gonidia by alkanna." 

Others are characterized by yielding beautifully coloured com- 
pounds when acted upon by alkalies, ferric chloride or chlorinated 
lime, properties that would indicate some relation to orcin and 
allied bodies. Others, again, possess the chemical characters of 
ethereal salts, being resolved by alkalies into stronger acids and 
alcohols. To the former group belong the following : 

Lecanaric acid (diorsellic acid), which is coloured deep red by 
chlorinated lime (avoiding an excess), and is decomposed at 153* 
into orcin and carbonic acid.'' 

Orsellic acid, which undergoes a similar decomposition at 176°, 

' Compare Dnlong, Jahrb, f, Phatm. xiy. 441. 

' Conipara Rude m acker. 

• Compare Wlggera, Annal. d. Cbeai. und Pharm. ni. 40, 1837; Gold- 
■ehmidt und Weidel, Ber. d. Wiener AIumL Ixiiv. 389, 1877 (Jonrn. Cbem. 
Sac. xxiir. 80). See aUo m; ' Ermittelung d. Gifte,' 2nd ed., 300 tt. stg. ; 
and Jahreah. f. Pharm. 619, 1878. Also ChristenBen, Archiv d. Phaim. itU. 
481, 1S82. 



■ Compare Peckolt, Zeitscbr. d. OeBterr. Apothaker-Ver, 289, 1878 (Pharm. 
Jonni. Trass. [3], vii. 09). 

* Compare Lero;, Journ. de Chim. med. xxL 357 ; Leppig, * Chem. Unteis. 
d. Tanacetum vulgare,' Diss Dorpst, 1882. 

' Compare Heni^. Joum. de Pharm. x. 62 (Amer. Joom. Pbarm. 
'Compare Kiomayer, 'Die Bitteratoffe,' 97 ; and Polex, Arebiv d 
xix. 60, 18*0, 

* Compare Hiibschmann, Pharm. Vieiteljahresschr. v. 197 ; and E 
19«, ISSS. 

•• Compare Dragendorff and Podwiseotzki, loc. eiC. 

" Compare Suhunck, Anaal. d. Chem. und Pharm. UI. 60, 78 ; al. 
osvii. 332, 1861 (Jonm. Chem. 3oc. iii. 153). 

" Scbuncfc, Annal. d. Chem. und Pharm. xli. 157, 1842 (Joum. 01 
1. 71) i liT. 261, 1845 ; Ixi 64, 1847 ; Stenhouse, ibid, liviii. 57, 184 
35S, 1863 (Joum. Chem. Soo. xx. 221) ; Hesse, cxxxii. 22, 1866. 
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imd widi alkaline solutions at a temperature as low as the boiling- 
point.^ Both this and the foregoing acid form salts of ethyl when 
boiled with alcohol 

Gyrophcric add, which is sparingly soluble in ether, yields orcin 
on decomposition with alkali, and turns red on exposure to am- 
moniacal air.' 

Parellic acid, which is only slowly coloured under the same 
conditions.' 

Ceraiophyllin, which strikes a violet colour with ferric chloride 
and blood-red with chlorinated lime.^ 

Paiellatic acid, which, in alkaline solution, turns red when ex- 
posed to the air. Ferric chloride colours it blue; chlorinated 
lime, blood-red^ 

Evemic acid yields orcin by dry distillation, is colour^ed dark- 
red by ammoniacal air, but only yellow by chlorinated lima^ 

Eveminic acid (oxyusnetinic acid 1) is also coloured yellow by 
chlorinated lime, but does not change when exposed to ammonia- 
cal air. 

Usnic acid behaves in a similar manner, but an alkaline solution 
turns red on exposure to air, and the acid itself yields betaorcin 
by dry distiUation.^ 

Carbusnic acid^ (is sparingly soluble in ether) gives no colour 
reactions. 

Fidpinic acid (chrysopicrin), which is more easily soluble in 
bisulphide of carbon and chloroform than in ether, is obtainable 
in yellow crystals and forms yellow salts with alkalies. Boiling 
with baryta-water resolves it into alphatoluic acid, oxalic acid, 
and methyl-alcohoL® It may therefore be placed in the group of 

^ Schunck, Annal. d. Chem. und Phann. xli. 157, 1842 (Journ. Chem. Soc. 
1. 71) ; liv. 261, 1845 ; Ixi. 64, 1847 ; Stenhouse, ibid. Ixviii, 67, 1848 ; cxxv. 
853, 1863 (Journ. Chem. Soc. xx. 221) ; Hesse, cxxxix. 22, 1866. 

3 Compare Stenhouse, ibid. Ixx. 218, 1849. 

' Compare Schunck, ibid. liv. 274, 1845 ; Strecker, Ixviii 114, 1848. 

^ Compare Hesse, ibia. cxix. 365, 1861. 

^ Compare Weigelt, Journ. f. prakt. Chem. cvi. 28, 1869. 

* Compare Stenhouse, ibid. Ixviii. 86, 1848 ; Hesse, ibid, xlvii. 297, 1861. 

^ Compare Knop, Annal. d. Chem. und Phann. xlix. 103, 1843 ; Rochleder 
and Held, ibid, xlviii. 1, 1843 ; Stenhouse, ibid. Ixviii. 97, 114. Knop and 
Schnedermann, Journ. f. prakt. Chem. xxxvii. 363, 1843 ; Hesse, AnnaL d. 
Chem. und Pharm. cxvii. 343, 1861. 

B See Hesse, ibid, cxxxvii. 241, 1866 ; Ber. d. d. chem. Gea, x. 1324, 1877 
(Journ. Chem. Soc. xxxii. 896). 

* Stein, Chem. Centralblatt, 556, 1864 ; 432, 1865. See also Spiegel, Ber. 
d. d. chem. Ges. xiu. 1629, 1880. 



§ 157. LICHEN ACIDS. 151 

ethereal salts previously mentioned. The same is the case with 
erytkric acid (sparingly soluble in ether), which is regarded as 
diorsellinate of erythrite,* picroerythrin (orsellinate of erythrite), 
and hetaerythrk acid^ (orsellinate of betapicroerythrin). 

For picrolk?ienin compare Alms, Stenhouse, and Groves f for 
cdraric and lichenostearic acidy Schnedermann and Knop;^ for 
varioUniny Eobiquet;^ stictic acid, Schnedermann and Knop;* 
lobaric acid, Knop;^ atrarunic acid (hydrocarbo-usnic acid?), 
zeorin, sordidin, Patemo ;® calycin, Hesse. ^ 

Microscopical examination shows that the majority of these 
acids adhere in the form of minute granules to the exterior of the 
hyphse, in heteromerous lichens almost exclusively in the cortical 
portion of the upper surface, or, in old specimens, on the margin 
of the thallus (Physicia parietina).^® 

To test for a lichen-acid yielding orcin as a product of decom- 
position, the substance under examination, or part of the lichen 
itself, may be heated with dilute potash, chloroform added, and 
the warming continued for some time in the water-bath. If such 
an acid is present, homofluorescin will be produced, and the 
solution will appear reddish-yellow by transmitted, and show a 
fine yellowish-green fluorescence by reflected light Usnic acid is 
said not to give this reaction, which is yielded by < lecanoric, 
erythric and evemic acid (by the last-named after continued 
boiling with milk of lime). 

Erytkric: and lecanoiic acid are extracted from the lichen by 
digestion with ammonia, and are precipitated by acetic acid. On 
warming, erythric acid passes into solution, whilst lecanoric acid 
remains undissolved. 

^ Compare Heeren, Schweiz. Joum. lix. 313 ; also Schanck, Stenhouse, 
Strecker, Hesse, already quoted. 

^ See Menschutkin, Bullet, de la Soc. chim. [2], u. 424, 1864. Lamparter, 
Annal. d. Chem. und Pbarm. oxxxiv. 243, 1865. 

' Annal. d. Chem. und Fharm. i. 61, 1832 ( Amer. Joum. Pharm. xvi. 262) ; 
ibid, clxxxv. 14, 1877 (Proc. Roy. Soc. Ix. 68). 

* Annal. d. chem. und Pharm. Iv. 144, 159, 1845. 
^ Annal. de chim. et de Phys. xlii. 236. 

* Jahresb. f. Pharm. 76, 1845. 

7 Chem. Centralblatt, 173, 1872 (Joum. Chem. Soc. xxv. 639). 

B Ber. d. d. chem. Ges. x. 1100 and 1382, 1877 (Joum. Chem. Soc. xxzi. 
89 ; xxxli 270). 

' Ber. d. d. chem. Ges. xiii. 1816, 1880 (Pharm. Joum. Trans. [3], xi. 471). 

^® Compare Schwartz in Cohn's ' Beitrage zur Biologie d. Pflanzen,' iii. 
Part II. and Archiv d. Pharm. [31 xlx. 124, 1881. 
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Usnic acid, which occurs in yellow crystals, yields a colourless 
ammonium salt. 

§ 158. Orcin and Betaordn, Estimaiion of Orcin. — Orcin and beta- 
orcin, which have already been mentioned as^ products of the 
decomposition of certain constituents of lichens, and which some- 
times occur ready formed in plants, can be obtained in colourless 
acicular crystals soluble in water, alcohol, and ether. Exposure 
to light colours them reddish; alkalies, chlorinated lime and ferric 
chloride, violet By the action of ammonia and air orcin yields a 
blue colouring matter, whilst, under the same conditions, beta- 
orcin gradually turns red. Orcin melts at 58*", betaorcin at a 
temperature above 109^ 

Beymann estimates orcin in lichens by titrating with bromine- 
water,^ by which monobromorcin is first produced and subse- 
quently converted into tribromorcin. To the solution of orcin 
in a stoppered bottle titrated bromine-water is added till the 
precipitate has assumed a yellowish colour and excess of bromine 
is present, which is then estimated by iodide of potassium and 
hyposulphite of soda. The amount of orcin present is calculated 
from the equations : 

CyHgOg + Bra = HBr + CyH^BrOj 
and 

CyHyBrOg + 2Br2 = 2HBr -h C7H6Br302. 

TANNIC AOIDa 

§ 159. Consiilution. — In estimating tannic acids an error has 
generally been committed in overlooking too completely the 
chemical differences existing between the various substances that 
have received this name. It has usually been considered suificient 
to determine quantitatively the value of a reagent in terms of 
gallotannic acid, the tannin most easily procurable, and to apply 
the results thus obtained to the estimation of other tannins. 
This would be admissible under the assumption that all tannins 
possessed approximately identical equivalent weights and pro- 
duced nearly identical chemical e£fects. But it has already been 
shown in § 52 that such is not the case. It will be sufficient 
here to repeat that tannins exist which do not allow of com- 
parisons with one another, even with regard to their constittUion. 
At present many tannic acids may be assimied to be glucosides^ 

^ Ber. gL d. chem. Ges. viii. 790, 1875 (Joum. Ghem. Soc. xxvii. 1293). 
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splitting up under the influence of dilute acids into glucose and 
some second substance, but of a number it must be denied that 
they possess any such glucosidal characters. 

§ 160. Glucosidal ncUure, — In enimierating the characters of a 
newly-discovered tannic acid, it is, therefore, important to state 
whether it has been found to be a glucoside or not (§ 61). The 
examination may be made by heating weighed quantities of the 
tannin with 1 to 2 per cent aqueous hydrochloric acid in sealed 
tubes to 100° for several hours, allowing them to stand for some 
time after being opened, in order to observe whether any spar- 
ingly soluble decomposition-product separates out in the cold. If 
this is the case, the substance may be filtered off, but at the same 
time it is advisable to ascertain whether any portion that may 
remain in solution cannot be removed by shaking with ether, 
acetic ether or chloroform. After warming to expel dissolved 
traces of those liquids, the solution may be examined for glucose 
(S 61, 83, et seq. ; 200, et seq.). 

The decomposition-products that are thus obtained, together 
with glucose, are sometimes crystalliney as, for instance, gallic 
acid, from the tannin of galls, sumach, myrobalans, divi-divi 
(cl § 151), and the yellow ellagic acid from the tannic acid 
of the pomegranate and bablah fruits. But they are generally 
amorphous, difficultly soluble in pure or acidified water and in 
pure ether; soluble in water containing ammonia^ and freely 
soluble in spirit ; they are, as a rule, deep in colour, and agree in 
all essential properties with the phlobaphenes mentioned in §§ 48 
and 108. Some are so sparingly soluble that they may be of use 
in the quantitative estimation of the respective tannins. This 
is especially the case if, after the action of the acid, the liquid is 
evaporated to dryness and treated with water, when they often 
remain behind almost entirely insoluble. 

Substances of this description are pelded by the decomposition 
of the tannic acid of oak, willow, elm, fir, birch, and acacia-bark, 
as well as by that from rhubarb, male-fern, ledum, wine, and by 
many others. Chemically the phlobaphenes approach many resins, 
with which they share the solubility in alcohol and slight solubility 
in water, differing from them in their solubility in dilute ammonia, 
but resembling them again in the substances they yield when 
fused with an alkali. (Cf. § 42.) Lignin and suberin also appear 
to be connected with the phlobaphenes. 
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The phlobaphenes mentioned in § 48 may, as stated, have been 
produced from tannins daring manipulation, whilst those in § 108 
will probably have existed ready-formed in the material imder 
examination. 

But, although phlobaphenes are insoluble in pure water, they 
are dissolved by solutions of tannic acid, sugar, and other sub- 
stances, and small quantities may therefore have been extracted 
by water. 

§ 161. Proneness to Decomposition, — ^The determination of the 
glucosidal or non-glucosidal nature of a tannin is sometimes a 
matter of considerable difficulty, because, on the one hand, it is 
not always easily separated from any glucose with which it may 
be contaminated, and, on the other hand, many tannins readily 
decompose, yielding bodies resembling their mother-substances in 
possessing a similar action on hide, gelatine, etc. A decomposi- 
tion of this kind is observable with gallotannic acid, which, 
especially on prolonged heating in aqueous solution, apparently 
imdergoes dissociation into a polygallic acid and sugar. Some 
tannins, too, from barks, etc., appear to be capable of parting with 
a portion of their glucose without completely losing their action on 
gelatine, etc., which, however, rapidly diminishes, even at the 
ordinary temperature, on allowing the aqueous solution to stand. 
It is not surprising, therefore, that very varying statements are 
met with as to the glucosidal nature of a tannin, and especially 
the amount of glucose certain members of the class can be made 
to yield. And yet it is most important to determine whether 
glucose can be obtained from a tannic acid or not The produc- 
tion of a sparingly soluble and possibly crystalline body from an 
easily soluble amorphous tannin by the action of hydrochloric or 
sulphuric acid (§ 160) is insufficient proof of its glucosidal nature, 
since non-glucosidal tannins undergo a similar decomposition. 

As a rule the action of dilute acids on a tannin results in the 
formation, apart from glucose, of a single decomposition-product 
belonging to the aromatic series (gallic acid, ellagic acid, phloba- 
phenes, etc.), but the researches on the tannic acids of the 
Nymphaceas recently carried out in my laboratory by Griining 
prove that two or more decomposition-products can be obtained 
from one tannin. From Nymphsea alba and Nuphar luteum 
non-glucosidal tannic acids were isolated, undergoing no further 
separation by fractional precipitation with lead, and yielding, 
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when warmed with a dilute acid, gallic and ellagic acids together 
with a phlobaphene.^ 

§ 162. Purification, — The ease with which tannins decompose 
renders their preparation in the state of purity desirable for 
accurate inyestigation a matter of considerable difficulty, and we 
may confidently assert that this has not been attained with the 
majority of the substances belonging to this class that have 
hitherto been described. • 

In preparing pure tannins the following hints may be useful, 
in addition to those given in ^ 49 to 51 and 60 : 

1. If a tannic acid is to be separated from the alcoholic extract 
it is very advisable, after evaporating, to mix at once with a con- 
siderable quantity of water. Alcohol dissolves phlobaphenes and 
resinous substances, together with tannic acid, and strong aqueous 
solutions of the latter are known to be capable of taking up the 
former, even if otherwise insoluble in water (§ 160). 

2. In precipitating the aqueous filtrate with acetate of lead, it 
is advisable to add the reagent in successive portions, rejecting 
the first (generally more deeply coloured) and last precipitates, as 
they are usually contaminated with foreign substances to a con- 
siderable extent. 

3. The lead precipitates should be washed and treated with 
sulphuretted hydrogen as rapidly as possible, to avoid decomposi- 
tion of the tannate of lead. 

4. The filtrate from the sulphide of lead should be evaporated, 
if possible, in a partial vacuum, and only to the consistence of a 
thin syrup. The remainder of the water may be evaporated over 
sulphuric acid and lime at the ordinary temperature, the opera- 
tion being completed in vacuo. 

It will frequently be found advantageous to shake the filtrate, 
before evaporating, with ether or acetic ether, which would 
remove any gallic acid that might be present 

Many tannins may be purified by dissolving in water, adding 
chloride of sodium, and removing the tannic acid by shaking 
with acetic ether or a similar solvent This method has been 
successfully used by Loewe for sumach-tannic acid and some 
others,^ and by Kaabe for rhatania-tannic acid.^ It should be 

^ Beitrage zor Chemie der Nymphaceen, Diss. Doipai, 1881. 
^ Zeitschr. f. anal Chem. xii. 128 ; xiv. 35, 44 (Joum. Chem. Soc. xxvii 171 ; 
xxviii. 75). 
' Pharm. Zeitschr. f. Ruaaland, 577, 1880. 
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observed that gallic acid must be removed by shaking with ether 
before chloride of sodium is added, and that certain tannins are 
partially precipitated by saturating their aqueous solutions with 
salt ; some also can be precipitated from their aqueous solutions 
by sulphuric or other mineral acid, but this method seldom yields 
them in a sufficient state of purity for our purpose. 

§ 163. Tannins insoluble in JFaier, — The tannic acids of alder^ 
and hop,^ together with some others, are stated to be insoluble in 
water after isolation. In some instances the tannin may possibly 
have been partially decomposed during the process of isolation 
(^ 48, 161). In any case in which tannins sparingly soluble in 
water are anticipated, the lead precipitate should be decomposed 
in the presence of spirit 

There are also a number of bodies which resemble one or other 
of the tannins in certain of their properties (as, for instance, in 
being precipitated by acetate of lead), but are insoluble in cold 
water. Pseniofluorescin might be placed in this class.' 

§ 164. It not unfrequently occurs that a single plant contains 
two or more tannins : for example, in addition to their own pecu- 
liar tannins, both oak and willow bark contain a little gallotannic 
acid f myrobalans and divi-divi contain gallotannic and ellago- 
tannic acid.^ If the presence of more than one tannin is antici- 
pated, the method of fractional precipitation should be tried, or, 
if that is unsuccessful, the examination of the products obtained 
by warming with acids may afford the information required, as 
was the case in the investigation of oak and willow bark ; gallic 
acid can be removed by shaking with ether, whereas oak-red 
cannot 

§ 165. Notes on some of the more important Tannins, — In the 
following notes those tannins will be mentioned first that are not 
glucosides, and yield principally pyrocatechin (§ 43) by destructive 
distillation. 

Caiechu-tannic acid is probably produced from catechin (catechuic 
acid) by loss of the elements of water.* In estimating catechu- 

^ Compare Keichardt, Chem. Centralblatt, N. F. i. 12. 
' See Etti, Polyt. Joum. cclxxxviii. 354, 1878 (Joum. Chem. Soc. zxxiv. 
797) ; Bissell, Amer. Joum. Pharm. [4], xlix. 682, 1877. 
s§§44andl47. 
^Compare Johanson, he. eit, 

* Compare Loewe, Zeitschr. f. anal. Chem. xiv. 85, 44, 1875. 

* Compare Etti, Annal. d. Chem. und Pharm. dxxzvi. 327, 1878 ; Zeitachr. 
f. anal. Chem. xii. 285, 1873 ; xiiL 113, 1874 ; Jonm. f. prakt. Chem. cv. 32. 
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tannic acid good results can be obtained by using a 1 per cent, 
solution of gelatine in saturated solution of chloride of ammonium 
as indicated in § 52, xiL ; chloride of ammonium should be added 
to the tannin solution also.^ Lehmann has shown that the liquid 
may be diluted within certain limits without affecting the result 
to any notable extent, and that it is advisable to promote the 
subsidence of the precipitate by adding powdered glass and 
vigorously stirring. He determines the end of the experiment by 
removing a drop with a filtering tube and testing it with solution 
of gelatine on a watch-glass with dark background. The tannin 
solution should be mixed with an equal volume of saturated chlo- 
ride of ammonium solutioa Each cc. of the reagent indicates 
0*0139 gram catechu-tannic acid. No other constituents of 
catechu are precipitated by gelatine. 

Cdiechuic acid (§ 151), which is easily converted into catechu- 
tannic acid, should not be neglected in determining the value of 
a catechu. Lehmann endeavoured to estimate it from the differ- 
ence in the amount of permanganate of potassium required (cf. 
§ 52, viL) before and after precipitation with gelatine (by 
which catechu-tannic acid alone is removed). The results he 
obtained were, however, somewhat too high, since an infusion of 
catechu contains other substances besides catechuic and catechu- 
tannic acids that act upon permanganate of potassium. A more 
successful process consisted in removing the catechuic acid by 
shaking with ether, as directed in § 151, and then titrating it 
with permanganate of potassium, reckoning 4*84 parts of catechuic 
acid for every 16 parts of oxygen consumed. 

Bhaiania-tannic acid, like the two preceding substances, 3rields 
phloroglucin and protocatechuic acid when fused with potasL^ 
For this tannin also Giinther recommends the estimation with 
solution of gelatine, calculating 0*01302 to 0*01323 gram rhata- 
nia-tannic acid for every cc. of gelatine solution. The lead pre- 
cipitate, which is tolerably stable but not quite insoluble in water, 
contains, according to Giinther, 31*26 per cent of oxide of lead. 

^ Lehmami, 'Vergl. Unten. einiger Gfttechu und Grambier-Proben/ Diss. 
Dorpat, 41, 1880; Phann. Zeitschr. f. Rusaland, No. 18, 1881. 

) Compare Baabe, he. cU. Raabe contests the glucosidal character of 
rhatania-tannic acid, and is of opinion that it simply loses water when converted 
into rhatania-red. See also Ohem. Centralblatt, xii. 467, 1867 ; AnnaL d. 
Chem. und Pharm. cxliii. 274, 1867, in which Grabowski, like Wittstein, stiU 
maintains the production of glucose in the decomposition. 
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Baabe found 33*4 per cent, of oxide of lead in the lead-salt, and 
16*64 of oxide of copper in the copper-salt^ 

Moriniannic acid, which occurs together with morin and madurin 
in fustic, also jdelds phloroglucin and protocatechuic acid hj 
fusion with potash. Boiling water extracts morin from the 
wood in the form of a calcium-compound, which is sparingly 
soluble in cold water, and is deposited, therefore, from the de- 
coction on cooling. Alcohol acidified with sulphuric acid decom- 
poses the compound, dissolving the morin ; the latter crystallizes 
from alcoholic solution in yellow needles, which are sparingly 
soluble in cold, but more freely in boiling water. With acetate 
of lead the boiling alcoholic solution gives an orange-red precipitate 
containing 58*4 per cent, of oxide of lead. 

According to Loewe, an aqueous solution yields both mori'nr 
tannic add and maclurin to acetic ether. By dissolving the 
evaporation-residue in cold water and adding chloride of sodium 
an amorphous precipitate of the former is obtained, whilst the 
latter crystallizes out on standing. Maclurin is insoluble in a 
mixture of equal volumes of water and saturated solution of salt, 
whereas morintannic acid is dissolved. Morintannate of lead 
contains 64 23 per cent of oxide of lead No accurate method 
of estimation is known. 

The doubt that has recently been thrown upon the glucosidal 
nature of rhatania-tannic acid renders it very desirable that kino-, 
tormentil- and bis tort- tannic acids should be examined afresh.^ 
These tannins yield similar products when fused with potash. 
Kino-tannic acid is characterized by the disposition its alcoholic 
solution shows to gelatinize. According to Giinther both kino- 
and tormentil-tannic acids can be estimated by gelatine-solution 
(see above, and also § 62, xii.), 1 cc. of which indicates 0-0130 
gram kino, and 0*0168 gram tormentil-tannic acid. 

For dlaga-tannic acid see below. 

The tannin of the horse-chestnut,^ which is likewise non-glucosidal, 

^ Possibly there is another copper-salt containing 22 to 23 per cent. CuO ; 
that would, at least, appear probable from some experiments of Giinther. 

^ For the tannin of kino see Eisfeldt, Annal. d. Ghem. und Pharm. xcii. 
101, 1854 ; for its crystalline decomposition-product, kinoin, see Etti, Ber. d. 
d. ohem. Ges. zi. 1879 (Joum. Chem. Soc. xzxvi. 159). Tormentil-tannic 
acid is discussed by Rembold, Annal. d. Ghem. und Pharm. cxlv. 5, 1868 
(Amer. Joum. Pharm. xl. 311). 

' Gompare Ghem. Gentralblatt, x. 318 ; ziL 518. 
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I 

is partially precipitated from aqueous solution by chloride of 
sodium, and by acid sulphite of potassium. The aqueous or 
alcoholic solution tiims dark cherry-red when warmed with 
hydrochloric or sulphuric acid, and deposits red flocks ; bichromate 
of potassium produces a dark colouration and brown precipitate ; 
with ferric chloride it strikes a green, or, if the solution is am- 
moniacal, a violet colour ; it is not precipitated by tartar emetic. 
No method is known by which it can be accurately estimated. 

Amongst the glucosidal tannins those may be mentioned first 
which, when boiled with dilute acids, 3deld, in addition to glucose, 
crjnstal-line decomposition-products. The most important of them 
is — 

Gdllotannic acidj the decomposition-product of which, gallic 
acid, has been already alluded to (§ 151). Its quantitative esti- 
mation is comparatively easy, as fairly accurate results can be 
obtained both volumetrically by titration with gelatine-solution 
or with permanganate of potassium, and gravimetrically by pre- 
cipitation as tin (stannous), copper, or lead-salt. A few sources 
of error must, however, be here alluded to. In the first place, 
if the tannic acid has been extracted by water, mucilage and 
gallic acid may also have passed into solution ; the latter is pre- 
cipitable by gelatine in the presence of mucilage. That is avoided 
by extracting with spirit In the second place, gallic acid, as 
already pointed out, acts upon permanganate of potassium. In 
titrating with a solution of that substance, therefore, either the 
gallic acid must be removed by shaking with ether, or, as sug- 
gested by Lowenthal, and mentioned in §§ 52, 53, two estima- 
tions must be made, the one before, the other after, precipitating 
the tannic acid with gelatine, the calculations being made from 
the di£ferenca In precipitating with acetate of lead or copper 
(but not with ammonioK^hloride of tin), gallic acid is also partially 
carried down, and should therefore be previously removed. From 
a solution containing about 2 per cent of tannin the tin precipi- 
tate will contain 19*77 to 19*79 per cent of stannous oxide, the 
lead 50 00 per cent of oxide of lead, and the copper 38*28 per 
cent of oxide of copper. 

Hammer's method (§ 52, xi) may, as already stated, be best 
applied to the estimation of gallo-tannic acid. 

The tannins of sumach,^ knoppem galls, valonia and algaro- 

^ Compare Gimther, 'Beitr. zurKenntn. der im Sumach, etb., Toik. Gr«rbfl./ 
Dim. Dorpai, 1871 (Joum. Chem. Soo. xxiv. 762) ; Loewe, Zeitschr. f. anaL 
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billa^ correspond exactly to gaUotannic acid, and all that has been 
said of the latter is equally true of the former. They are always 
accompanied by gallic acid in the materials that yield them. 

Some of these also contain the so^alled ellago-tannic acid, 
which is found in notable quantities in myrobalans, divi-divi and 
bablah fruits.* 

This ellago-tannic acid, which, as far as Loewe's experiments 
show, is not a glucoside, dififers from gaUotannic acid in yielding 
ellagic in the place of gallic acid, a change that can be brought 
about by water alone at a temperature of 108' to 110\ Ellagic 
acid can be obtained in sulphur-yellow crystals, which are almost 
insoluble in boiling water or in ether, and sparingly soluble in 
alcohol Notwithstanding, however, its slight solubility in ether, 
small quantities can be removed from aqueous solution by shak- 
ing with that liquid Ferric chloride produces first a green, then 
an inky colouration. It is soluble in potash, and is precipitated 
by acetate of lead from an alcoholic solution in the form of lead- 
salt, containing 63 per cent of oxide. The dry substance heated 
with zinc dust yields the hydrocarbon ellagene (C^^H^q), which 
cannot be combined with picric acid. 

Whether ellago-tannic acid has been prepared in a state of 
purity, and whether it is identical with punico-tannic acid,' are 
questions which we may for the present leave out of considerar 
tion. According to Eembold, the latter also yields ellagic acid. 
Special methods for the estimation of these two substances have 
not as yet been published. 

For nymphsea-tannic acid see § 161. 

GaUotannic and gaUic acids also occur in tea, accompanied by 
quercetin (possibly present in sumach also, § 152), and by the so- 
called boheic acid.^ The latter is not thrown down when acetate 
of lead is added to a hot infusion of tea, but is precipitated on 

Gbem. xii. 128, 1878 (Journ. Chem. Soc zzvi. 748) ; xiv. 46 (tannin of 
knoppem-gallfl). 

1 Compare Gkxleffroy, Zeitschr. d. Oesterr. Apotii.-yer. 132, 1879 (Year-book 
Phann. 215, 1879). 

^ Compare Gunther, loc ciL Also my obBervations in the Jahresbericht f. 
Pharm. 192, 1875 ; and Jjoewe, Zeitscbr. f. anal. Chem. xii. 128 ; xiv. 85, 44. 

' Annal. d. Chem. imd Pharm. cxliii. 285, 1867. I may observe that in the 
pomeg^nate bark also the substance yielding eUagic acid is accompanied by 
gaUotannic acid, and that Rembold obtained sugar by the decomposition of 
the former. 

* Compare Hlasiwetz, Annal. d. Chem. und Phann. cxlii. 233. 
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adding ammonia. It is pale yellow, amorphous, and easily 
soluble in alcohol. 

Caffeortannic^ acid yields sugar and crystalline caffeic acid. 
Caffeic acid is easily soluble in alcohol, sparingly in cold water, 
and strikes a dark green colour with ferric chloride, which is 
turned red by soda. It reduces silver salts on warming, but not 
alkaline copper solution. Like caffea-tannic acid, caffeic acid 
yields pyrocatechin by dry distillation. The former is also coloured 
green by ferric chloride. Its ammoniacal solution turns green 
when exposed to the air (viridic acid). According to Giinther's 
experiments, it cannot be quantitatively determined by precipita- 
tion with copper, lead, or gelatine. Titration with permanganate 
of potassium might possibly yield approximate results. 

The following tannins are provisionally considered by many 
chemists to be glucosides (see note); they yield amorphous de- 
composition-products resembling phlobaphenes. (Cf. § 160.) 

Quercitannic acid, which is probably identical with the tannic 
acids of willow and elm bark,^ is one of the less stable tannins, and 
is, therefore, extremely difficult to purify and to estimate (§ 161). 
The copper and lead salts seem specially liable to be decomposed 
by the combined action of air and water, whilst even the tannic 
acid itself in aqueous solution rapidly undergoes change. To 
have any value, therefore, estimations by gelatine or perman- 
ganate of potassium must be made with perfectly fresh infusions. 
But the mucilaginous and other substances that are simultane- 
ously dissolved by water from the oak-bark, also act upon the 
reagents and render the estimation inaccurate. By extracting 
with alcohol such foreign substances are excluded ; but the estima- 
tion cannot be made in alcoholic solution, and distillation can 
scarcely be effected without partial decomposition of the tannin. 

^ See Hlasiwetz, Annal. d. Chem. und Fharm. czliL 220, 1867 (Amer. Journ. 
xxxviii. 504) ; also Mulder und OlaandereD, Jahresb. f. Chem. 261, 1858. 

' Compare E. Johanson, ' Beitr. zur Chem. d. Eichen-, Weiden-, und XJlmen- 
rinde,' Diss. Dorpat, 1875 ; Grabowski, Annal. d. Chem. und Pharm. cxlv. 1, 
1868. For oak-red see also Bottinger, ibid. ooii. 269, 1880. Loewe has re- 
cently contested the glucosidal nature of quercitannic acid. Compare Zeitschr. 
f. aaaL Chem. xz. 208, 1881 (Joum. Chem. Soc. xL 901). Loewe believes 
oak-red to be a kind of anhydride produced from the tannic acid by loss of 4 or 
3 moleculee of water. Bottinger (Ber. d. d. Chem. Ges. xiv. 2390 ; Joum. 
Chem. Soc. xl. 1041) considers quercitannic acid itself to be a glucoside, and 
points out the difference between that substance and another constituent of 
oak-bark also soluble in water and capable of tanning. The latter was the 
body isolated by Loewe. 

11 
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The best reaults would probably be obtained by extracting 
directly with alcohol, evaporating the tincture in a partial 
vacuum, treating the residue with water, quickly filtering and 
estimating at once with gelatine or permanganate of potassium. 
(Cf. ^ 51, 52, YII and XIL) In standardizing the solutions, 
it may be useful to remember that, according to Giinther's 
experiments, quercitannic acid, though di£fering greatly in other 
respects from gallotannic acid, possesses the same quantitative 
action on permanganate of potassium. It must be observed 
that tannic acid is deposited when its solution is completely 
saturated with chloride of ammonium ; it is advisable, therefore, 
when precipitating with gelatine, to follow the directions given 
for titrating catechu-tannic acid. Quercitannic acid is sparingly 
soluble in ether; ferroso-ferric salts produce inky mixtures with 
its aqueous solution; other of its properties are mentioned in 
^ 49, 51. The lead salt obtained by precipitation with a 
slight excess of the acetate contains 56 to 57 per cent, of oxide, 
the copper salt 29*5 per cent The oak-red produced artificially 
from the tannic acid is identical with the phlobaphene that occurs 
naturally in the bark. It is likewise coloured black by iron salts, 
yields protocatechuic acid and phloroglucin when fused with 
potash, and possesses the properties of a phlobaphene as 
enumerated in §§ 108, 160. 

The tannins of the pine^^ hircJi, many species of acaciaj etc., 
which have been but little investigated, may possibly resemble 
quercitaimic acid in many of their essential characters. 

FUix4annie acid^ is resolved, on boiling with acids, into glucose 

and red flocks of filix-red ; the latter closely resembles cinchona- 

. red. 

Cinclumariannic acid ^ undergoes a similar decomposition with 

production of cinchona-red. Its lead salt is somewhat easily 

soluble in acetic acid. 



' Compare Kawalier, Wiener AJcad. Ber. xL 354 et seq. ; Bochleder and 
Kawalier, ibid. xxix. 22 et eeq, ; Wittstein Vierteljahreaschr. f. pract. Phann. 
iii. 14, 1854. 

> See Malin, Chem. Centralblatt, xii. 468, 1867. For tannaspidic acid and 
pteritannio acid, the former of which Malin beUeves to be impure filix-red, see 
Luck, ibid. 657, 676, 1851. Compare further Grabowaki, Annal. d. Chem. 
und Pharm. cxlii. 279, 1867. 

s Compare Kembold, AnnaL d. Chem. und Phann. cxliii 270, 1867, and 
Schwaiz, Chem. CentnJbUtt, 193, 1852. 
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CifuiimujirTUwartannic add^ yields^ according to Hlasiwetz, under 
the same conditions, sugar and cinchona-novarred ; the latter is 
easily soluble in ether. 

For ipeca/:v/mhartann%c acid^^ see Willigh and Podwissotzki ; for 
ledUannic acidy Willigh^ and Bochleder and Schwarz;^ for 
nudtamiic add^ Phipson;^ for the tannin of maU^ Arata;^ for 
€elastrus4annic acid^ Dragendor£^ Information concerning some 
other tannins may be gained from Gmelin's 'Chemistry.' 

OTHER GLUGOSIDES. 

§ 166. Cydopin^ Bhinantkin, etc — Cydopin, which, however, 
cannot, without some consideration, be classed with the tannins, 
is a glucosidal substance found by Greenish,^ in the so-called Cape 
or Bush tea. It is freely soluble in water, and is precipitated from 
solution by acetate of lead, as well as by digestion with the 
oxyhydrate of that metal ; from the combinations with lead thus 
obtained, it can be liberated by sulphuretted hydrogen. Ether 
precipitates it from alcoholic solution. Boiled with 4 per cent, 
hydrochloric acid, cyclopin decomposes into glucose and cyclopiar 
red, which latter is insoluble in ether. With strong hydrochloric 
acid, the solution turns rapidly red. Cyclopin is not precipitated 
by gelatine or tartar emetic, and does not possess an astringent 
taste. In the plant producing it, it appears to be easily converted 
into oxycyclopin, which is insoluble in alcohol, and xmdergoes a 
similar decomposition to cyclopin itself. 

Another glucoside that yields a deeply coloured decomposition- 
product when boiled even withvery dilute acids, is the rhinanthin^ 
occurring in various species of Bhinanthus, Alectorolophus, and 
Melampyrum.^ It can be obtained in colourless acicular crystals, 
itoluble in water and alcohol, insoluble in ether, and not preci- 

^ See Hlasiwetz, Annal. d. Ghem. und Phann. Ixzix. 130, 1857. 
^ Journ. f. pract. Ghem. li. 404 ; Phann. Zeitschr. £. Russland, xiz. 1. 
Fharm. Joum. Trans. [3], x. 642. 
> Ghem. Gentralblatt, 790, 1852. 
^ Zeitaohr. f. anal Ghem. t. 668, 1869. 
B Ibid. p. 812. 

* Jahresb. f. Phann. 164, 1878. Gompare also Byasson, ibid. 
7 Aichiv d. Phann. [8], zii. 118, 1878. 

* Sitzb. d. Doipater Natorforaoher-Grea. 845, 1880 (Phann. Jonni. and Trans, 
[3], zi. 549). It is accompanied by the crystalline cydopkL'fluoresdn^ which 
is soluble in ether and alcohol bat sparingly soluble in water. Potash dissolves 
it with yellow colour and production of a fine green fluorescence. 

* Gompare Ladwig, Archiv d. Pharm. ozlii. 199, 1870. 
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pitated by acetate of lead. Boiled with dilute [hydrochloric acid 
it yields rhinanthogenin, which is of a dark Uxdshr(preen colour^ and 
insoluble in water. 

Some alkaloids, too, possess the property of yielding, under 
similar conditions, deeply coloured decomposition-products, as for 
instance, rhceadine, thebaine (§ 189). 

§ 167. Otiier important Glucosides; Solvhility, — ^A remarkable 
peculiarity of the above, as well as a number of other glucosides, 
is that, although more or less easily dissolved by alcohol, they are 
sparingly or not at all soluble in ether. Certain glucosides that 
have been mentioned, where necessary, in the foregoing chapters 
show a similar insolubility in ether (compare convolvulin, § 153 ; 
digitalein and digitonin, §155; chrysophan, § 1 48, etc.) ; in fact, this 
negative property may be said to be characteristic of the majority 
of glucosides. 

Nitrogen entera into the composition of some few of the members 
of this clajss, and certain of them, when acted upon by ferments or 
acids, yield in addition to sugar a volatile decomposithn-product of 
characteristic odour ; but this is not the case vdth most of them. 

The following are some of the better-Jcnotcn glucosides that are 
soluble in alcohol, contain nitrogeUy and yield a volaiile decomjposUlonr 
product. 

Amygddlin and laurocerasin'^ are both tolerably easily soluble in 
water (amygdalin in 12 parts), and in boiling alcohol of sp. gr. 
0-819, but more sparingly in cold. They are insoluble in petro- 
leum spirit, and are precipitated by other from alcoholic solution. 
Amygdalin crystallizes with facility in bitter scales belonging to 
the monoclinic system. Laurocerasin has not yet been obtained 
in crystals. They are both laevo-rotatory. Cone, sulphuric acid dis- 
solves them with pale reddish-violet colour. Emulsin easily resolves 
them into glucose, oil of bitter almonds, and hydrocyanic acid, 
the latter body being produced in larger quantity from amygdalin 
than from laurocerasin. The reason for this is to be found in 
the fact that in laurocerasin half of the cyanogen in the amygdalin 
group has been. already converted into formic acid, so that lauro- 
cerasin may be regarded as amygdalate of amygdalin. On boiling 
amygdalin and laurocerasin, therefore, with baryta-water, the 
former AviU yield one molecule of ammonia for every molecule of 

• 

^ Compare Lehmann^ * Ueber daa Amygdalin der Kirschen, Fflaumen,' etc.. 
Diss. Dorpat, 1874. 
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barium salt formed, whilst from the latter only one of the former 
can be obtained for every two of the latter.^ 

Methods for the quardUaiive estimation of amygdalin have 
been proposed by Rieckher ^ and Feldhaus.' That of the latter 
is based upon the decomposition of the amygdalin by emulsin in 
aqueous solution and estimation of the hydrocyanic acid produced. 
Almonds are freed from oil, powdered and macerated with water 
for twenty-four hours. The hydrocyanic acid is then distilled off 
in a current of steam, received in ammoniacal water, and estimated 
as cyanide of silver. Anyone that has distilled bitter-almond 
water, or brought hydrocyanic acid into contact with powerful 
alkalies, will know that this method is very faulty. To obtain 
even approximate results I think it must be necessary that (a) the 
flasks in which the maceration is conducted should be completely 
filled with the mixture, and (ft) the use of ammonia or other 
powerful base should be avoided. 

In Eieckher's method the amygdalin is decomposed by hydrate 
of barium, a reaction which, according to Lehmann, takes place 
tolerably smoothly. One reason for preferring this process to Feld- 
haus's is, that the result can be checked by estimating on the one 
hand the ammonia liberated, and on the other the amygdalate of 
barium produced. The latter can be determined in the solution 
after expulsion of the ammonia by removing the excess of barium 
with carbonic acid gas, and then decomposing with sulphuric acid 
the amygdalate of that metal which has been left in solution. 
From the sulphate of barium thus obtained the amount of amyg- 
dalin acted upon can be calculated. This method cannot, how- 
ever, I think, be applied directly to almond meal deprived of fat, 
but only to the impure amygdalin obtained by exhausting with 
boiling alcohol and precipitating with ether. 

Myronate of potassium crystallizes in rhombic prisms, which are 
freely soluble in water, sparingly in cold alcohol, but are dissolved 
by warm (50** to 60**) 85 per cent spirit Mjrronic acid itself is also 
soluble in cold strong spirit, but rapidly decomposes. In aqueous 
solution myronate of potassium is easily resolved by ferments, 
especially by the myrosin of white and black mustard (but not 

^ It ia remarkable that Lehmann oonld find cane-sugar in the seeds of the 
apple, pear, cherry, plum, peach, and bitter almond, which contain cxystal- 
lizable amygdalin, whilst sweet ijmonds yielded glucose only. 

3 y. Jahrb. f. Pharm. xxiv. 66. » Archiv d. Pharm. dxvi. 52. 
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by emulsin) into volatale oil of mustard (snlphocyanide of allyl, 
§ 29), characterized by its extreme pungency, glucose and bisul- 
phate of potassium. A quantitative estimation might possibly be 
made by freeing the finely-powdered seeds from oil, exhausting 
with warm 85 per cent, spirit^ and digesting the tincture for 
some time with carbonate of barium. From the filtrate the 
alcohol might be recovered by distillation, the residue dissolved 
in water, and digested with myrosin at a temperature of about 40% 
the barium being finally precipitated as sulphate by the addition 
of hydrochloric and sulphuric acid. One molecule of sulphate of 
barium indicates one of myronic acid.^ 

White mustard contains no myronic acid, but in its stead 
another glucoside, to which the name of smdhin has been given. 
Like myronic acid, it dissolves in boiling 85 per cent spirit, 
separating out again to a great extent on cooling. It is crystal- 
line, insoluble in ether and bisulphide of carbon; sparingly 
soluble in cold, freely in hot alcohol, and in water. Alkalies 
colour it yellow, nitric acid transiently blood-red. It reduces 
alkaline copper solution, and is precipitated by mercuric chloride 
and nitrate of silver. Warm solution of caustic soda converts it into 
sulphate and snlphocyanide of soda; myrosin into glucose, acid 
sulphate of sinapine and sulphocyanate of acrinyl (C^H^O, NGS). 

Sulphocyanate of sinapine, which also occurs in white mustard, is 
not glucosidal, and differs from sinalbin in being more easily 
soluble in cold alcohol, and in yielding the snlphocyanide reaction 
directly with ferric chloride.^ 

Ericolin and menyanthin^ are glucosides containing no nitrogen, 
but yielding easUif volcUUe decomposition products. The former 
has been described in § 155. Menyanthin is freely soluble in 
warm water and in alcohol, but insoluble in ether. Gone, sul- 
phuric acid dissolves it with the gradual production of a reddish- 
violet colouration. Warming with dilute sulphuric acid resolves 
it into glucose and menyanthol, the latter possessing a penetrating 
odour. Menyanthin is precipitated by tannic acid, but not by 
acetate of lead. 

^ Compare Will and Korner, Annal. d. Ghem. und Phann. cxxv. 257, 1863. 
(Am. Jonm. Phann. xxv. 828.) 

^ Compare Will und Laubenheimer, Annal. d. Chem. nnd Phaim. cxcix. 
150, 1879 (Pharm. Joum. and Trans. [3], x. 918). Babo und Hirschbrunn, 
ibid. Ixxxiv. 10, 1852. 

^ Compare Kxomayer, loc. ciL ; laebelt, Jahresb. f. Pharm. 119, 1877. 
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Pmtjnmn is described by Kawalier^ as being freely soluble in 
water and alcohol, insoluble in pure ether, and not precipitable by 
basic acetate of lead. Its decomposition-products resemble those 
of ericolin. 

Of glucosides which yield either faced or difficultly vokUUe decora- 
jffOsUionrp'oducts not possessing any characteristic odour, the follow- 
ing may be mentioned. 

Coniferin is sparingly dissolved by cold, but freely by warm 
water and by alcohol It crystallizes in glistening needles, and 
melts at 185° (uncorr.). With cone, sulphuric acid it forms a 
violet solution, and when moistened with hydrochloric acid and 
phenol develops a blue colouration. Dilute acids resolve coni- 
ferin into sugar and a resinous substance ; with emulsin it jrields a 
crystalline decomposition-product. The latter, which is sparingly 
soluble in water and alcohol, can be removed by ether from its 
aqueous solution. Its melting-point lies between 73'' and 74**. 
Coniferin, when exposed to the air, gradually acquires a vanilla- 
like odour, a change rapidly brought about by Warming with 
dilute sulphuric acid and bichromate of potassium, and caused by 
the decomposition of the coniferin with the production first of the 
methyl-ethyl ether of protocatechuic aldehyde, and finally of 
vanillin^ (^ 155). The reaction with hydrochloric acid and phenol 
may be used in testing for coniferin microchemically in the cam- 
bium of conifers. 

The identity of this substance with the coniferin of Tangel,^ 
detected in sections of conifers by the red colouration produced 
by cone, sulphuric acid and phenol, must be left for the present 
an open question. MiQler ^ has shown that the latter also occurs 
in most indigenous trees (Salix, Populus, Prunus, Acer, Quercus, 
etc), and is to be met with in abundance, especially in the autumn, 
in the hard bast and alburnum According to Miiller, the phenol 
only hastens the appearance of the red colour. 

Arhviin^ is sparingly soluble in cold alcohol, ether, and cold 

1 Chem. Centrilblatt, 705, 724, 1853. 

' Compare Tiemann und Haarmann, Ber. d. d. chem. Gres. viL 609, 1874 
(Journ. Chem. Soc. xxvii. 895). See also Kubel, Joum. f. praot. Chem. 
xcvii. 243, 1866. 

8 Flora, Ivii. No. 15, 1874. 

* Ibid. No. 25. 

^ Compare Kawalier, Chem. Centralblatt, 761, 1852 ; Strecker, Annal. d. 
Chem. und Pharm. cvii. 288, cxviii. 292, 1861 ; Hlasiwetz and Habermann, 
ibid, clxxvil, 334, 1875 (Joum. Chem. Soc. xxix. 78, xxx. 298). 
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water,, but the latter solvent dissolves it with facility when 
warmed Dilute sulphuric acid resolves it into glucose, hydro- 
quii^oue and methyl-bydroquinon& Both of the latter can be 
extracted by shaking with ether, and, when warmed with dilute 
sulphuric acid and peroxide of manganese, yield quinone, recog- 
iU3able by its characteristic iodine-like odour. Acetate of lead 
does not precipitate arbutin. 

Daphnin^ differs from arbutin in being precipitated by acetate 
of lead. It is sparingly dissolved by cold, but freely by warm 
water and by alcohol, and is insoluble in ether. Alkalies colour 
it yellow. Acids and ferments resolve it into sugar and daph- 
netin ; the latter can be partially sublimed without decomposi- 
tion. Certain other constituents of mezereon bark peld umbelli- 
ferone (§ 27) by dry distillation. 

Salicin crystallizes in colourless needles and scales, which have 
a powerful action on polarized lights and are freely soluble in 
boiling water and alcohol, but much less so in cold. It is insolu- 
ble in ether. From aqueous solution it can be extracted by 
amylic alcohol (§ 56).* Hydrate of lead does not combine with it. 
Boiling with dilute acids decomposes salicin into sugar and sali- 
genin or saliretin, both of which substances can be removed by 
shaking with ether. If an aqueous solution of salicin or saligenin 
is boiled with dilute sulphuric acid and bichromate of potassium, 
salicylous acid is produced. (Cf. § 25.) Gone, sulphuric acid 
dissolves salicin, saligenin, and saliretin with production of a fine 
red colour. Salicin strikes a beautiful violet with Frohde's reagent 
These reactions can also be employed for the microchemical detec- 
tion of salicin. 

Fajfndin yields benzoic acid in addition to the above-mentioned 
decomposition-products when acted upon by dilute acids (cf. 
§ 26), and salicylous acid when warmed with chromic acid With 
cone, sulphuric acid a red colouration is developed, and with 
Frohde's reagent a violet, which, however, is somewhat less intense 
than that yielded by salicin under similar conditions. It is con- 
siderably less soluble than the latter in water and in alcohol, and 
can be removed from aqueous solution not only by amylic alcohol 
(like salicin), but also by chloroform and (with difficulty) by 

^ Compare Zwenger, Annal. d. Chem. tind Fharm. xc. 63, 1858 (Amer. 
Joum. Pharm. xxxiii. 325). 
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l)enzene (§ 55). Populin decomposes with far greater facility 
than salicin. 

Bensohelicin,^ detected by Johanson in willow bark, forms colour- 
less crystals, soluble in water and alcohol. With cone, sulphuric 
•acid it turns yellow. " Frohde's reagent does not produce a violet 
colouration. Boiling with not over-dilute hydrochloric acid 
•resolves benzohelicin into glucose, benzoic acid, and a resinous 
isubstance that dissolves blood-red in cone, sulphuric acid. 

Philyrin^ is much less soluble in water and alcohol than is 
«alicin, and yields under the influence of dilute acids, glucose and 
phOygenin, a polymer of saligenin. Both philyrin and philygenin 
dissolve in cone, sulphuric acid with red colouration. 

PUorrhmn^ crystallizes in colourless needles sparingly soluble 
in cold water, easily in hot Ethyl and methyl alcohol dissolve it 
with facility, ether with difficulty. Dilute acids resolve it into 
glucose and phlorrhetin. Cone, sulphuric acid forms red solutions 
with both phlorrhizin and phlorrhetin ; with Frohde's reagent a 
splendid royal-blue colouration is rapidly developed. Moistened 
with ammonia and exposed to the air, phlorrhizin turns yellow, 
red, and finally blua 

jEscidin can likewise be obtained in colourless needles soluble 
in 12*5 parts of boiling, 672 of cold water; in 24 of boiling, and 
120 of cold absolute alcohol. Chloroform removes it from 
aqueous solution (§ 55). Boiling with dilute acids resolves it into 
glucose and sesculetin. The latter yields a yellow solution with 
alkalies ; it is also soluble in bisulphite of ammonia, and if such a 
•solution be mixed with ammonia and shaken with air, at first 
blood-red and subsequently a deep blue colour is developed. The 
very characteristic blue fluorescence of sesculin is increased by 
alkalies and destroyed by acid& 

Fraxin possesses a similar fluorescence, and can also be obtained 
in colourless crystals. It is more sparingly soluble in water and 
absolute alcohol than aesculin, but more freely in ether, to which 
it imparts its fluorescence. Ferric chloride is said at first to strike 



^ See JohanBon, foe cU, Piria, Annul, d. Chem. und Pharm. Ixxxi. 245» 
1852; zcvi. 875, 1855 (Axner. Journ. Pharm. xxiv. 241, xxviii. 259). 

^ Compare Gampona, Annal. d. Chem. und Pharm. Ixxxi. 245, xcvi. 375. 

' For iflophlorrhizin, see Rochleder, Journ. f. pract. Chem. civ. 397, 1868 
(Amer. Journ. Pharm. xli. 419). 



170 GLUCOSIDES OTHER THAN TANNINS, 

a green colour and subsequently yield a yellow precipitata 
Fraxin is thrown down by acetate of lead.^ 

Syringin (§ 55) crystallizes in colourless needles, dissolves with 
difficulty in cold water, more easily in hot water and alcohol, but 
is insoluble in ether. Basic acetate of lead does not precipitate it 
from aqueous solution. Cone, sulphuric acid dissolves it with 
deep blue colouration; Frohde's reagent, blood-red passing ta 
violet ; cone, nitric acid, deep red. Chloroform extracts syringin 
from aqueous solution.^ 

For globularin see Walz f for coriarmfrtin compare § 155 ; for 
pUtosporin see v. Miiller ;^ for samaderin see de Vrij.^ 

Colocynthin can be obtained in yellowish crystals which dissolve 
in cone, sulphuric add with the gradual production of a fine red 
colour ; Frohde's reagent produces a cherry-red. It is extremely 
bitter, easily[soluble in water and alcohol, but insoluble in ether. 
Benzene (§ 55), or better, chloroform or amylic alcohol, extracts it 
from aqueous solution ; it is precipitated by basic acetate of lead 
and by tannin. 

Bryonin is also precipitated by the latter reagent^ 

For oncmn^ which gradually assumes a cherry-red colour ^dth 
cone, sulphuric acid, see Hlasiwetz.^ 

Apiin crystallizes in shining silky needles soluble in hot water 
or, more easily, in hot alcohol. Ether does not dissolve it 
Ferrous sidphaie colours the aqueous solution bloodied, Bath alcoholic 
and aqueous solutions gdaiinize on cooling. In dilute alkalies apiin 
dissolves with yellow colouration. 

For datisciuy which is also coloured yellow by alkalies, see 
Braconnot® and Stenhouse.® Ferric chloride precipitates it green ; 

^ For a number of other glucosides and allied substances (aigyrsescin^ 
aphrodseacin, etc.) discovered by Rochleder in horse-chestnuts, see Joum. f. 
pract. Ghem. Ixxxvii. 26, 1863 (Amer. Joum. Fharm. xxxv. 290). 

2 For the nearly allied ligustrin, see Kromayer, Archiv d- Pharm. cv. 9^ 
1861 ; for syringopicrin (easily soluble in water), ibid. cix. 26, 1862. 

» N. Jahrb. f. Pharm. vii. 1, 1857 ; xiii. 281, 1860. 

* • The Organic Constituents of Phints,' Melbourne, 1878. 

» Chem. Centralblatt, 92, 1859 ; Jahresb. f. Pharm. 208, 1872. See Blume^ 
Amer. Joum. Pharm. xxxi. 342. 
« N. Jahrb. f. Pharm. ix. 65, 217, 1859 (Amer. Joum. Pharm. xxxi. 249). 
7 Ghem. Gentralblatt, 449, 470, 1855. 

* Anhales de Ghimie et de Physique [2], iii. 277, 1816. 

* Annal. d. Ghem. und Pharm. xcviii. 166, 1856 (Joum. Ghem. Soc. ix. 
226). For helianthic acid compare Ludwig und Kromayer, Archiv d. Pharm. 
[2], xcix. 1, 1848 (Amer. Joum. Pharm. xxxii. 135). 
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acetate of lead, yellow. Zander^ has recently found a glucoside 
allied to datiscin in the seeds of Xanthium strumarium. For 
physaliny which can easily be extracted by shaking with chlorc- 
form (§ 55), see Dessaignes and Ghautard ;^ for dvltrnfianv^ see 
Geissler.3 The latter is soluble in acetic ether, insoluble in ether, 
chloroform, bisulphide of carbon, and benzene. It is precipitated 
by tannin, and by basic acetate of lead. Gone, sulphuric acid 
dissolves it with red colouration passing to rose ; with alkalies it 
forms reddish-brown solutions. 

Hesperidin shows a disposition to form sphaero-crystals. It is 
sparingly soluble in water and cold alcohol, freely in warm 
alcohol and acetic acid, but insoluble in ether. Ferric chloride 
colours it brownish-red ;* cone, sulphuric acid gradually bright red 
(limonin the same). Acetate of lead produces no precipitate. If 
a solution in dilute potash is evaporated to dryness, the residue is 
coloured red, passing to violet when warmed with excess of dilute 
sulphuric acid. Hesperidin can be recognised under the microscope 
as sphsero-crystals soluble in warm alcohol 

Crocin (polychroite) forms a dark red powder sparingly soluble 
in ether and water, more easily in alcohol Gone, sulphuric acid 
colours it blua Dilute acids resolve it into glucose and crocetin 
(insoluble in water), a saffron-like odour being developed during 
the decomposition. Basic acetate of lead precipitates crocin.^ 

Glycyrrhizin^ is deposited from glacial acetic acid in sphaero- 
crystalline masses of prismatic needles. After purification with 
acetic acid it is almost insoluble in water (forming a jelly with it), 
hut may nevertheless be extracted (in combination with bases) 
from liquorice-root by that menstruum. It contains nitrogen, is 
sparingly soluble in absolute, more easily in boiling 90 per cent. 

1 * Ohem. liber die Samen von Xanthium stnunariam,' Diss. Doipat, 1880. 

3 N. Kepert. f. Fharm. i. 216, 1851 (Amer. Journ. Pbarm. xxv. 135, 186). 

> Archiv d. Pharm. [3], vii. 289, 1875 (Pbarm. Journ. and Trans. [3], vi. 
1010). 

* Compare Hoffmann, Ber. d. d. chem. Ges. ix. 250, 685, 1876 (Journ. 
Cbem. Soc. zjcx. 420, 421) ; for aurantiin, murrayin, limonin, ibid. ; ako 
Hilger, ibid. 26 (Journ. Chem. Soc. xzix. 709). For naringin, see Archiv d. 
Pharm. [3], xiv. 139, 1879. See also Dehn, Zeitschr. f. anal. Chem. ii. 103, 
1866 ; and Tiemann und Will, Ber. d. d. chem. Ges. xiv. 946, 1881. 

^ See Weiss, Journ. f. pract. Chem. ci. 65, 1868 ; Stoddart, Pharm. Jouin. 
and Trans. [3], vu. 238, 1876. 

^ Compare Habermann, Anna!, d. Chem. und Pharm. cxcvii. 105, 1879 
(Pharm. Journ. and Trans. [8], x. 45, 1879). llabermann changes the name 
to glyc}TThizic acid. 
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alcohol, and is almost insoluble in ether. Cone sulphuric acid 
precipitates it from aqueous solution ; acetate of lead and chloride 
of calcium, from alcoholic. Neese's method for the qmrdUaJtm 
determinaiion of glycyrrhizin is based upon the precipitation by 
sulphuric acid. 

¥oT panaquiUon^ see Garriques ;^ for ihevetin^ compare de Yrij ;*- 
for chamalirinj see Greene.' 

Ci/danUn (Primulin) is crystalline and dissolves freely in water ; 
the solution froths when shaken. It is easily soluble in dilute 
alcohol also, but sparingly in absolute, and insoluble in ether. ^ 
It is said to bear a close resemblance to saponin. (Cf. ^ 77 e^ seq,; 
§ 167.) 

For ffraiioUn, see Marchand ^ and Walz ; ^ for paridin^ Walz ^ 
and Delffs.^ 

For (xmvaUarin and convaUamarin^ see Walz.® The former is 
sparingly soluble in water, but imparts to it the property of 
frothing ; it is freely soluble in alcohol, but insoluble in ether. 
The latter dissolves more easily in water, is precipitated by tannin, 
and turns gradually violet when exposed to the air in contact 
with sulphuric «acid. Warming with hydrochloric acid colours it 
red. Convallamarin can be extracted by shaking with chloro- 
form (§ 55). 

Hdleborin and helleborein,^^ — ^The former is sparingly soluble in 
cold water, freely in alcohol and chloroform ; the latter easily in 
water, more sparingly in alcohol, and insoluble in ether. It can 
be extracted by shaking with chloroform (§ 55). Both dissolve 

^ Chem. Centralblatt, 721, 1854 (Amer. Joum. Fiiarm. xxvi. 611). 
^ N. Jahrb. f. Pharm. xzxi. 1, 1869. Compare also Jahresb. f. Phann. 
112, 1877 ; Bias, Amer. Joum. Pharm. xli. 310. 

* Amer. Joum. Pharm. 1. 250, 1878. 

^Compare Mutscliler, Amial. d. Chem. und Phann. clxxxv. 21 4» 1877 
{Year-book Pharm. 145, 1878). See also Luca, Compt. Bend. Ixxxvii. 297, 
1878 (Pharm. Joum. and Trans. [3], vii. S76, 1877). 

^ Joum. de Chim. mtSd. zxi. 617 (Amer. Joum. Pharm. xvii. 281). 

* Jahrb. f. Pharm. x. 317, xiv. 70, 1852, xxi. 1, 1863, where certain other 
constituents of gratiola are also treated of. (Amer. Joum. Pharm. xxxi. 340). 

7 Jahrb. f. Pharm. iv. 3, v. 284, vi. 10 ; N. Jahrb. f. Pharm. xiiL 174, 
1860. 

8 Ibid. ix. 25, 1858. 

* Ibid. X. 145, 1858 (Amer. Joum. Pharm. xxx. 677). 

^^ Compare Husemann and Marm^, AnnaL d. Chem. und Pharm. cxxxv. 55-, 
1865 (Pharm. Jo\ira. and Trans. [2], vii. 621, 1866). 
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* 

in cone, sulphuric acid, with immediate production of a fine red 
colouration. 

For digUdin and digitalein^ see § 155. 

Scilldin, a glucoside obtained from Scilla maritima, resembles 
digitalin in physiological action. It is sparingly soluble in cold 
water, but freely in alcohol, and when boiled with dilute hydro- 
chloric acid is decomposed into sugar and a second substance, 
soluble in ether. Concentrated hydrochloric acid is coloured red 
when boiled with scillsun, and this is followed by the separation 
of a greenish flocculent deposit Concentrated sulphuric acid 
dissolves it brown, with green fluorescence, and the solution is 
coloured bluish-red by bromine. Basic acetate of lead does not 
precipitate scillain.^ 

Saponin and digitonin are likewise glucosides ; they have already 
been described in ^ 77, 78, 79, 155, where mention has been 
made of their insolubility in absolute alcohol My object in 
referring to them again here, is to draw attention to the resem- 
blance they bear, in many respects (frothing of the solution, etc.), 
to the preceding glucosides (cyclamin, etc). The following sub- 
stances are also allied to saponin : 

Senegin — ^which, however, is possibly identical with saponin — 
was found by Christophsohn^ to diflTer from that body only in 
the rapidity with which the violet colouration was produced by 
sulphiuic acid. It can be estimated by the methods detailed 
in §78. 

Christophsohn also proved that both saponin and senegin are 
accompanied in the drugs yielding them by another substance that 
has a much more powerful action on the heart than either of those 
principles themselves. This other substance remains in solution 
after separation of the saponin by baryta-water, but could not be 
obtained in a state of purity. 

MelarUhin, found by Greenish^ in the seeds of Nigella sativa, 
is not precipitated by ether from alcoholic solution. It resembles 
saponin in being freely soluble in weak spirit^ but may be 
distinguished by its slight solubility in water, and in the ease 

^ Compare Jaimentedt, Archiv f . exp. FathoL and PharmacoL xi 22, 1879 
(Amer. Joum. Phann. lii. 91). 

^ Loc, cit. 

* Sitzb. der Dorpater Natmf. Gea. 240, 1879 ; 9i, 1881. Phann. Jonm. 
and Trana. [3], z. 909, 1013, zii. 681. 
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neith which it splits up into sugar and melanthigenin when boiled 
with a dilute acid 

The so-called smUcuin was also f onnerly regarded as allied to 
saponin, but the researches of Fliickiger^ have shown that under 
this designation a mixture of substances has been described, the 
principal constituent of which was named pariUin. This body 
stands in close relation to sapogenin, the decomposition-product 
of saponin ; and as the latter is contained in saisaparilla,^ it is 
probable that parillin is produced from it during the life of the 
plant According to Fliickiger, parillin is not soluble in cold water 
to any appreciable extent^ but dissolves in 20 parts of boiling. It 
is taken up by spirit of sp. gr. 0*83 more easily than by stronger 
or weaker alcohol^ Its reaction with cone, sulphuric acid re- 
sembles that of saponin. Boiled with 10 per cent, sulphuric acid 
it decomposes into sugar and parigenin, with production of a 
green fluorescence. A similar fluorescence is also observed when 
hydrochloric acid gas acts upon a solution in a mixture of chloro- 
form and alcohol 

Sapogenin resembles parillin in most of its properties. Boch- 
leder is of opinion that it still retains a little sugar, and is there- 
fore really the result of an incomplete decomposition of saponin. 
The violet colouration gradually produced when sapogenin is 
dissolved in cone, sulphuric acid serves to distinguish the body 
from digitaresin, which, according to Schmiedeberg, yields a yellow 
solution. (See § 155.) 

Indican may also be mentioned here, as, although it is not a 
substance that can be unconditionally ranked as a glucoside, it 
may nevertheless be compared with them as regards its constitu- 
tion. By the decomposition of indican indigo-blue is produced, 
together with a kind of sugar called indiglucin. I leave it, how- 
ever, an open question whether the formation of indigo-blue is 
preceded by that of indigo-white, which, it is true, readily yields 
that substance by absorption of oxygen. Indican appears to 
occur in many plants (leaves, etc.), but to undergo a partial 
decomposition when they are slowly dried, and the black or blue 



^ Compare Flttekiger and Hanbory, ' PhamuMSogn^hia,* 646. 
3 Otten, ' Histiol. Untera. der SaTsaparUlen/ Dibs. Dorpat, 1876. Otten 
estimated the eaponin by the methods given in § 78. 
> Archiv d. Phann. [3], x. 535, 1877 (Phwm. Joam. and Trans. [3], riiL 

488). 
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colouration of the leaves produced thereby would arouse a sus- 
picion of its presence Cold spirit extracts indican ; the solution is 
best evaporated in a current of dry air at the ordinary temperature. 
Foreign bodies may be removed from the aqueous solution by 
shaking it with freshly precipitated hydrate of copper, but the 
copper that simultaneously passes into solution must be subse- 
quently removed, by sulphuretted hydrogea The aqueous solution 
must also be evaporated at the ordinary temperature, the residue 
dissolved in cold alcohol, and the indican precipitated by ether. 
Dilute acids decompose this unstable body, as above described, 
with production of indigo-blue. 

The latter is characterized by its insolubility in water, alcohol, 
and ether and solubility in carbolic and fuming sulphuric acids. 
It can be sublimed, and yields indigo-white (soluble in water) 
when boiled with glucose and an alkali. Advantage might be 
taken of the latter property testing for indican in dried vegetable 
substances. The residue of the material after exhaustion with 
water might be boiled with an alkali and glucose; from the 
solution thus obtained the indigo-blue would be again precipi- 
tated by passing a current of air through it 

§ 168. The lollowmgUUerj^ridples have not as yet been shown 
to be glucosides ; but they are likewise sparingly soluble in ether ^ 
more freely in akohd: AnHarin^^ aristolochia-biUer,- ccUendulin^ 
(gelatinizes with water), asZt/omm^ (appears to be a mixture of alka- 
loids, of which loturin, which is strongly fluorescent in acid solution, 
is especially interesting); earapin,^ cratcegin^^ cusparin"^ (coloured 
green by nitric acid, red by mercurous nitrate); quinavin^ (quin- 
ovic acid, obtained by boiling quinovin or quinovarbitter with 
acids, is said to resemble cholic acid in gradually turning red with 

^ See de Vrij and Ludwig, Zeitschr. d. oesterr. Apoth. Ver. 92, 1868 (Amer. 
Joum. Pharm. xzzv. 474). 
> See Walz, Jahrb. f. Pharm. xxvi. 73. Gmelin's * Organic Chemistiy.' 
s See Stoltze, Ber. Jahrb. f. Pharm. 1820. 

* See Mettenheimer, N. Jahrb. f. Pharm. i. 341, 1870. Hesse, Ber. d. d. 
chem. Ges. zi. 1542, 1878 (Jonm. Chem. Soc. xxxvi. 78). 

" See Gaventou, Vierteljahresschr. f . pract. Pharm. x. 422, 1861 (Amer. 
Joum. Pharm. xxxi. 281). 

' See Leroy, Jomn. de Ohim. m^. xvii. 3. 

7 See Saladin, ibid. ix. 388 (Amer. Joum. Pharm. v. 846). 

* Compare GImelin, ' Handbook of Organic Chemistry. ' Staeder's method of 
estimating qninoyic acid in certain cinchona barks (N. Tijdschr. voor de 
Pharm. in NederL 152, 1878) was pronounced onaatisfactoty by de Vrij (ibid. 
306). 
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eulphuric acid and sugar) ; cniciii^ (is said to dissolve green in cona 
hydrochloric, red in sulphuric acid. It can be extracted by shaking 
with benzene (§ 55), but is partially precipitated from aqueous 
solution by basic acetate of lead) ; gtranivny^ laducin and its allies,^ 
linin^^ lupinin,^ mudariUy^ divil^ quercin * (very slightly soluble in 
absolute alcohol) ; sparattospermiiu^ 

§ 169. Ahins, — ^There is another group of non-glucosidal bitter 
principles to which I should like to direct attention ; viz., that of 
the aloins — a series of closely allied but not identical chemical in- 
dividual All the members of the group are soluble in water and 
alcohol, sparingly only in ether ; but it must be observed that the 
separate aloins show notable differences in their behaviour to water. 
That obtained from Natal aloes is the most difficultly soluble, 
whilst the aloin of Cape aloes, which is possibly isomeric with 
nataloin, is comparatively freely dissolved. ^^ 

All the aloins can be obtained in yellow crystals, but show a 
great disposition to form supersaturated aqueous solutions in 
which, perhaps, they exist in an amorphous state and free from 
water of ciystallization. From such solutions the aloin can be 

^ See Naiivelle, Joum. de Chim. m^. xxi 69, and Scribe, Comptes rendns, 
XV. 802. See also my article on the detection of foreign bitters in beer in the 
Archiv d. Pharm. [8], iv. 293, 1874; also Kubicki, 'Beitr. zur ErmitteL 
fremder Bitterstoffe im Biere/ Diss. Dorpat, 1874 (Phann. Joum. and Trans. 
[3], V. 566, 1875), and Jundzill, *Ueber die ErmitteL einiger Bitterstoffe im 
Biere,' Diss. Dorpat, 1873. 

> See Miiller, Archiv d. Pharm. [1], xxii. 29, 1828. 

> Compare Ludwig and Kromayer, Archiv d. Pharm. cxL 1, 1862; also 
Kromayer, 'Bitterstoffe.' 

* See Scbroeder, N. Report, f. Pharm. x. 11, 1861. 

" Compare Landerer, ibid. i. 446, 1854. This Inpinin must not be con- 
fonnded with the glucoeide of the same name discovered by Schulze and 
Barbieri in 1878. Compare Ber. d. d. chem. Gee. xl. 2200 (Joum. Chem. Soc. 
xxxvL 467). 

' Compare Duncan, Phil. Mag. x. 465. 

7 Compare Pelletier, Annal. de Chim. et de Physique, iii, 105 ; and Sobrero, 
N. Jahrb. f. Pharm, iii. 286, 1855. 

" See Gerber, Archiv d. Phamu xxxiv. 167, 1831. 

"See Peckolt» Zeitschr. d. allgemeinen oester. Apoth. Ver. 133, 1878 
(Pharm. Joum. and Trans. [3], ix. 162, 187d). 

^^ According to Treumann's researches (' Beitr. z. Kenntniss der Aloe,' Diss. 
Dorpat, 1880) the following are the formuls of the various aloins (containing 
water of crystallization) calculated to the same number of atoms of oxygen. 
Barbadoes aloin »C4gHggOso, 6HsO; Cape aloin— C48H5802o» 6H2O; Socotra 
aloin -i C48HesOsoi 6H,0 ; Natal alom - C4sHn02o ; Zanzibar aloin = OJcL^O^ 
6-7H,0 ; Curasao aloin ->C44H5oO^ eH^O. See also Fltickiger, Schweiz. 
WocheMshr. f . Phann. 381, 1870 ; Phann. Joum. and Trans. [3], IL 193, 1871. 
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gradually obtained by diffusion, but it is often long before they 
deposit crystals (most easily obtained from Natal aloes). Ferric 
chloride colours them, without exception, greenish-black (Natal 
aloin very slowly) ; they are all gradually precipitated by basic 
acetate of lead ; perchloride of platinum colours Barbadoes and 
Cura9ao aloin by degrees red to violet, Socotra and Gape aloin 
greenish-brown, Natal aloin yellowish-brown ; chloride of gold pro- 
duces a more or less fine raspberry-red, passing generally into violet; 
with strong hydrochloric acid, Natal aloin alone becomes violet; 
mercurous nitrate colours Barbadoes and Cura9ao aloin reddish. 
All the aloins are precipitated from aqueous solution by bromine- 
water, in the form of sparingly soluble brominated compounds, 
which contain frequently, but not invariably, 40 to 44 per cent, of 
bromine. The opinion expressed in my ^ Chemische Werthbestim- 
mung starkwirkender Droguen,' that these bromine-precipitates 
might be used in determining the value of the different varieties of 
aloes, was based upon some experiments of Kondracki's;^ but since 
Treumann has shown that one and the same aloin can yield more 
than one substitution-product, I have been shaken in this opinion. 
The applicability of another method of estimating the value of an 
aloes by ascertaining how much tannin is necessary to precipitate 
and redissolve one of the constituents, has also been rendered 
doubtful I was convinced that this body precipitable by tannin 
was a decomposition-product of aloin, or possibly an amorphous 
modification, and that it acted directly as a purgative; Kondracki's 
experiments confirmed this supposition by showing that the more 
active an aloes was, the greater was the amount of tannin solu- 
tion required in titrating. But as more recent experiments have 
proved that the aloins themselves when taken in sufficient quantity 
have a purgative action (whether direct or indirect, I am unable 
to say), and the attempts to compare the amount of aloin in an 
aloes with that of the substance precipitated by tannin have not 
met with success, I feel myself compelled to retract for the present 
the statements made in my * Werthbestimmung ' on this subject 
The aloin is accompanied in aloes by a resinous substance which 
does not dissolve when the aloes is treated with about 10 parts of 
water, but which is soluble in concentrated aqueous aloin-solutions, 
in hot water, and in alcohol Another body, probably non-pur- 
gative, also occurs in dried aloe-juice ; it is freely soluble in cold 

^ Beitr. z. Kenntniss der Aloe, Bibs. Doipat, 1874. 

12 
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water, and is possibly an oxyaloin. Bromine does not appear to 
precipitate it from aqueoas solutions. 

§ 170. Carthamin^ etc, — Some substances, more freely soluble in 
alcohol than in ether, and characterized by their yellow colour, 
have been already mentioned in § 152, in connection with 
quercUrin (rutin, robinin, luteolin, etc.), and whilst referring to them 
here, I will also allude to cartkamin, the colouring matter of 
safflower.^ It has been obtained in the form of an amorphous 
powder, of an orange-green colour and metallic lustre. It is 
sparingly dissolved by water, but easily by aqueous alkalies and 
alcohol; from alkaline solution it is precipitated by acids. It 
dissolves in ether, and stains silk rose- or cherry-red. 

ALKALOIDS. 

§ 171. Colour-reactions. — The following reagents may be recom- 
mended for producing colour-reactions with alkaloids : Pure 
sulphuric acid ; sulphuric acid, containing a little nitric acid (1 in 
200) ; sulphuric acid, containing 0*01 gram of molybdate of soda 
in each cc. (Frohde's reagent) ; sulphuric acid and sugar ; sulphuric 
acid and bichromate of potash ; nitric acid (sp. gr. 1 '3) ; cone, 
hydrochloric acid; ferric chloride. The reactions are best ob- 
served when a few drops of a solution (in alcohol, ether, chloro- 
form, etc.) are allowed to evaporate in a small dish and' a drop 
or two of the reagent added to the residue. In testing with sul- 
phuric acid and sugar, it is generally better to mix the alkaloid as 
intimately as possible with 5 parts of sugar and add the sulphuric 
^cid to the mixture. Delphinoidine should be mixed with as con- 
centrated a solution of sugar as possible before the addition of sul- 
phuric acid. If bichromate of potash and sulphuric acid are to be 
used in combination, it is advisable to dissolve the alkaloid in the 
acid and drop a crystal of bichromate into the solution. Sulphuric 
acid and nitrate of potash may be employed in the same way in 
place of the mixed sulphuric and nitric acids. Ferric chloride 
should be used in aqueous solution, and be as neutral as possible.* 

Some of these reactions might be used in testing for alkaloids 
microchemically. The following table contains a few of the re- 
actions of the more important alkaloids. 

^ Compare Schlieper, Annalen der Chemie und Pharm. Iviii. 367, 1846. 
" All these reactions are descriVx^d at greater length in my ' ErmitteL d. 
Gifte.' 
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^ 172, 173. SUBLIMATION, ETC. 181 

§ 172. Other Tests. — For infonnation concerning optical tests for 
alkaloids, see Buignet.^ Upon polarization (§ 185), in particular, 
see Hesse.* For the absorption spectra observable in colour-re- 
actions of alkaloids, see Meyer^ and Poehl.* 

The temperature at which alkaloids sublime has been deter- 
mined by Armstrong, in an apparatus similar to that described in 
§ 17 for ascertaining the melting-point of fats. The alkaloid is 
placed on a coverslip, to which a glass ring J to f inch high is 
cemented, and on which a second coverslip is laid. As soon as a 
cloud is observed on the latter, the temperature is noted. The 
sublimate is subsequently examined microscopically as to its 
crystalline or amorphous character. Mercury or easily fusible 
alloys may be used to heat the alkaloid. For the appearances 
observable during the microsvhlimation of alkaloids, see Helwig, 
Guy, Waddington, and others.^ 

The crystalline form of alkaloids has been closely investigated by 
Erhard.<^ 

§ 173. Platinum and Gold-salts. — The following list contains the 
percentage of platinum and gold in the double chlorides of those 
metals with some of the more important alkaloids (dried at 
100°). 



Double Salts of 


Gold. 


Flatinum. 


Atropine 


31-37 


, — 


Aconitine 


22-06 




Amanitine 


44-28 


— 


Berberine 


29-16 


18-11 


Bnicine 


> . — . . 


16-52 



^ Joum. de Pharm. et de Chim. [3], xl. 252, 1862 (Amer. Joum. Phanu. 
xxiv. 140). 

' Annal. d. Chem. und Pharm. clxxvi. 89, 1875 (Pharm. Jonm. and Trans. 
[3], vii. 191), and cxcii.* 161, 1878. See also Ondemans, ibid, clxxxii. 38, 
1877 (Year-1x>ok Pharm. 75, 1878) ; Arch. Neerland. des Sciences exactes et 
natarelles, x. 193, 1875 ; and amongst older works that in particular of 
Bouchardat, Annates de Chimie et de Physique [3], ix. 213. See also Poehl's 
paper subsequently quoted. 

8 Archiv d. Pharm. [3], xiii. 418, 1878. 

« Pharm. Zeitschr. f. Russiand, 353, 1876. 

8 Compare Helwig, ' Das Mikroskop in der Toxicologie,' Mainz ; Guy^ 
Pharm. Joum. and Trans. [2], viii. 718 ; ix. 10, 58, etc. ; Waddington, ibid. 
[2], ix. 266, 409 ; Stoddart, ibid. 173 ; Brady, ibid. 234 ; EUwood, ibid. [2], 
X. 152 ; Ledgewick, Brit. Rev. bcxxi. 262. 

^ N. Jahrb. f. Pharm. xxv. 129, etc. ; xxvi. 9, etc., 1866. Amongst the 
older works are Hiihnefeld's 'Chemie der Rechtspflege,' Berlin, 1823; 
Anderson, Chem. Centralblatt, 591, 1848 ; Taylor, ' On Poisons ;' Guy, 
' Principles of Forensic Medicine ;' Brand et Chaud^, ' M^decine legale/ 
Paris, 1853. 
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Double salt of 


Gold. 


Platinum. 


Caffeine 


87-02 


24-68 


Cinchoxiine . 


, — , , 


27-36 


Cinchonidine . 


— • < 


27-87 


Codeine 


• — • • • 


19-11 


Coniine 


» — — • 


29-38 


Cnmine 


— , , 


32*65 


Delphinine . 


267 


, — 


Delphinoidine 


290 


15-8 


Emetine 


, — , , 


29-7 


Hjroscyamine 


34-6 


. — 


Moiphine • 


— • . 


19-52 


Muscarine 


43-01 


, — 


Narcotine 


, — , 


. 16-7-15-9 


Narceine 


, — , 


14-52 


Nicotine 


• -~- • 


34-25 


Papaverine 


— • * 


17-82 


Pilocarpine . 


36-5 


. 23-6-25-2 


Piperine 


i — • • 


12-7 


Quinidine 


4004 


27-38 


Quinine 


40-00 


26-26 


Strychnine . 


29-15 


18-16 


Thebaine 




18-71 


Theobromine . 




25-65 


Veratrine 


21-01 


-^ 



§174. Estimation of Alkaloids. — In estimating the alkaloid in 
leaves or easily pulverizable stalks, it will frequently be found 
practicable to exhaust the powdered substance with spirit, 
evaporate the tincture, and extract the residue with acidulated 
water. The solution thus obtained may then be titrated with 
potassio-mercuric iodide, as directed in § 65. But if the material 
contains much starch, or is difficult to powder (as, for instance, 
aconite root), it is better to allow it to soak in about twice its 
weight of dilute sulphuric acid (1 in 30) before extracting with 
alcohol, as, otherwise, larger fragments of the substance are not 
uniformly penetrated by the spirit. 

In estimating atropine, the drop-test (that is, the addition of a 
drop of the precipitating solution to a filtered drop of the liquid 
to be precipitated) cannot be used. It will be found advanta- 
geous to add at once sufficient of the reagent to precipitate the 
greater part of the alkaloid ; after standing several hours, until 
•the supernatant liquid has become clear, more of the reagent may 
be added, and so on as long as a precipitate is produced. The 
liquid clears more rapidly as the end is approached till at last an 
interval of five to Jmkiutes is sufficient 

Atropine may also be estimated gravimetrically by adding 



§ 174 ESTIMATION OF STRYCHNINE, ETC. 183 

excess of potassio-mercuric iodide, dissolving the precipitate in 
alcohol of 90 to 95 per cent, evaporating the filtered solution, and 
weighing the residue, which contains 40*9 per cent of atropine. 

For hyoscyamitie the same precautions are necessary as for 
atropine.^ 

In estimating coniine gravimetrically with potassio-mercuric 
iodide, I obtained results that were far below the truth ; the 
compound precipitated is somewhat freely soluble. (See also 
§§ 175, 180.) 

Nux Vomica and St. Ignatius' beans contain two alkaloids, 
strychnine and brucine, which differ in the intensity, at least, of 
their action on animals, and this fact must not be lost sight of in 
determining the value of those drugs by titration with potassio- 
mercuric iodide, I have therefore proposed the following indirect 
method of determining both alkaloids : ^ 

15 to 30 grams of the finely rasped seeds are exhausted by boil- 
ing three times in succession with dilute sulphuric acid (1 in 50), 
pressing the residue each time. The decoctions are united (about 
700 cc.), nearly (but not quite) neutralized with magnesia and 
evaporated to a sjnnip in the water-bath. To the residue 2-4 
times its volume of 90 per cent spirit is added, and after 
standing, the precipitated mucilage is filtered off and washed. 
The filtrate and washings are evaporated to about 30 to 50 cc. 
and, whilst still acid, well shaken with chloroform. The chloro- 
form is then separated, the aqueous liquid made alkaline with 
ammonia, and the agitation with chloroform repeated as long as 
any alkaloid is removed. The alkaloidal residue obtained by 
evaporating the chloroformic solution is dried, weighed and dis- 
solved in hydrochloric acid ; the excess of acid is removed by eva- 
poration, and the solution titrated with potassio-mercuric iodide. 
The weight of strychnine can be calculated from the expression 
fl:=5-566 (00197 xc-w) and that of brucine from y = 6-566 
(w — 0'01o7 X c), where c is the number of cc. of reagent used and 
m the weight of the mixed alkaloids. It is still better to weigh 
the hydrochlorates of the alkaloids and calculate the strychnine 
salt from the expression a; = 6*1733 (0*02152 xc-m), and the 

1 Compare my ' Werthbestiimnung/ 32, and Thorey on the ' Distribntion of 
Nitrogen in black and white henbane/ Diss. Dorpat, 1869, and Phann. 
Zeitschr. f. Rnssland, 265, 333, 1865 (Pharm. Joum. and Trans. [3], xii. 874). 

' 3ee my 'Werthbestimmung,' 64. Compare also Pharm. Zeitschr. f. Russ- 
land, 233, 1866. 
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brucine salt from y = 7'1733 (t»- 6 -01852x0), c being the same 
as in the previous expressions and m denoting the weight of the 
mixed hydrochlorates. 

Titration of morphine and narcotine witb potassio-mercuric iodide 
serves only as a check on the weight of the alkaloids after 
isolation (^ 182, 187). The total alkaloid in opium cannot be 
estimated volumetrically with that reagent. 

For a method of examining chdidanium compare § 65 and my 

* Werthbestimmung,' p. 98. 

The presence in cevadUla seeds of three alkaloids, all of which 
act upon potassio-mercuric iodide, renders it impossible to do more 
with this reagent than compare the extracts of two or more 
different samples of seeds with one another.^ If an approximate 
separation of the three alkaloids is desired, it must be remembered 
that, according to the investigations of Weigelin,^ all three are re- 
moved together by shaking with chloroform ; that sabadilline is 
almost insoluble in ether, but is dissolved by 150 parts of water at 
the ordinary temperature ; that sabatrine is freely soluble in ether 
and soluble in 40 parts of cold water; and finally that veratrine is 
said to be taken up by 10 parts of ether and 1,000 of cold water. 

The researches of Hamack and Witkowski have proved' 
that the calabar bean also contains two alkaloids (calabarine and 
physostigmine), differing from one another in physiological action. 
For this reason the estimation of the total alkaloid by titration 
with potassio-mercuric iodide has only a limited value, but the 
alkaloids might possibly be separated, and estimated gravimetri- 
cally, as the calabarine precipitate is insoluble in alcohol whilst that 
produced by physostigmine is soluble. 

§ 175. Caniine, pilocarpine, etc. — Zinoffsky has shown that 
coniine can be accurately estimated by phosphomolybdic acid in 
solutions free from ammoniacal salts.*^ The strength of the 
reagent was such that 1 cc. precipitated 05 gram of coniine. 

1 Compare E. Masing, Archiv d. Phann. [3], ix. 310, 1876 ( Journ. Ghem. 
Soc. xxxiL 367). 

^ Compare Weigelin, 'TJnters. tiber die AlkaloYde der Sabadillsamen,' Diss. 
Dorpat, 1871 (Journ. Chem. Soc. xxv. 828). See also P. G. A. Masingr 

* Beitr. z. gerichtL chem. Nachw. des Strychn ins u. Veratrine,' Diss. Doipat, 
1868. 

' Compare Archiv f. exper. Fatholog. und Pharmacol, v. 401, 1876 (Phann. 
Journ. and Trans. [3], viii. 3). 

* * Die quant. Be8t. d. Emetin», Aconitins und Xicotins/ Diss. Dorpat, 
1872 (Pharm. Journ. and Trans. [3], iv. 442). 
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The same reagent has been employed by PoehP for the 
gravimetric estimation of pilocarpine, but that chemist admits that 
the results obtained are only approximate. By his method 10 
grams of jaborandi leaves are extracted with 100 cc. of water 
containing 1 per cent of hydrochloric acid; the infusion is 
precipitated with acetate of lead, the excess of which is removed 
by hydrochloric acid, and then, after filtration, phosphomolybdic 
acid is added. The precipitate is collected, washed with water 
containing a little hydrochloric acid, dried at 100"*, and weighed. 
It is said to contain 45*66 per cent, of pilocarpine. 

In estimating the alkaloid in solutions of the pure substance, 
phosphomolybdic acid would probably in many cases peld better 
results than potassio-mercuric iodide ; but there is a certain danger 
attending its use, and that is the possibility in many cases of 
ammonia and amidic compounds being precipitated with and 
calculated as alkaloid. Of pilocarpine in particular it must be 
observed that, according to Christensen, the composition of the 
phosphomolybdic acid precipitate, as given by Poehl, requires 
revision. 

Phosphamolybdate of quinine (dried below 70°) contains, according 
to Prescott, 27*3 per cent of quinine. 

For cases in which j^hosphotungstic acid may be employed see 
§ 177. 

Attempts have also been made to estimate alkaloids by means 
of tannic cucAd^ by either drying the precipitate produced or 
liberating the alkaloid from it with oxide of lead or other base, 
drying and weighing. My objection to the former of these 
two methods is that the tannates of the alkaloids are scarcely 
ever constant in their composition. The latter might be adopted in 
certain cases provided that the precipitated tannate is sufficiently 
sparingly soluble, and that the alkaloid itself is not attacked, 
as curarine is, by the oxide of lead used to decompose its tannate 
(§ 64). 

* 'Unters. d. Blatter des Pilocarpua officinaliB,' St. Petersburg, 1877 (Year- 
book of Pharm. 28, 141, 1881). See abo Hamack and Meyer, Annal. d. 
Chem. und Pharm. cciv. 67, 1880 (Pharm. Joum. and Trans. [3], xi. 551, 587f 
608) ; and Christensen, Pharm. Zeitschr. f. Fvussland, xx. 1881 (Pharm. Joum. 
and Trans. [3], xii. 400). 

' Compare, for instance, Lefort, Joum. de Pharm. et de Chimie, ix. 117, 
241, 1869 (Pharm. Joum. and Trans. [3], ii. 1029 ; iii. 63). See also my 
' Werthbestimmung,' 40. 
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Hager^ and Hielbig^ have both experimented on the estimation 
of certain alkaloids by precipitation with j^icric add. I have no 
doubt that in many cases very satisfactory results might be 
obtained by combining precipitation by picric acid with extraction 
by agitation with solvents, and in this opinion I have recently 
been confirmed by experiments published by Hager on the 
quantitative determination of nicotine. Hager recommends 
precipitation with picric acid at a temperature of 15°, washing 
with an aqueous solution of the precipitant, and finally drying at 
a temperature not exceeding 40^ to 50°. He foimd the nicotine 
precipitate to contain 27 per cent, of alkaloid. 

§ 176. EstimcUion of Caffeine, — I may supplement the method 
given in § 66 for the estimation of this alkaloid by the following 
remarks : Ether^ extracts the alkaloid in a state of greater 
purity than chloroform, and yields therefore a correspondingly 
better result ; but the mass must be very finely powdered, and 
the treatment with ether repeated several times to be certain 
of dissolving the whole of the caffeine. I have also used a mixture 
of 3 parts of ether with 1 of chloroform with success. 

In estimating the alkaloid in guarana it is not advisable to 
extract with acidified water, nor is it necessary in determining the 
theine in tea. 

Lieventhal* extracted the powdered tea directly with 
chloroform, by which, however, far less than the total quantity of 
theine was dissolved. I must make the same objection to Claus's 
method,^ which consisted in extracting with ether, shaking the 
ethereal extract with dilute sulphuric acid, neutralizing the 
aqueous solution with magnesia, evaporating to dryness, and 
again extracting with ether. Moreover, it would be difficult to 
remove the whole of the theine from ethereal solution by shaking 
with acidified water.® 

^ Pharm. Centralblatt, x. 137, 145, 1871. Compare also Medin and Alm^o, 
Jahresb. f. Pbann. 1871. 

* Loc. dt, 

' Compare Wurthner's investigations, Pharm. Zeitschr. f. Ruasland, 711, 
1872 ; and Weyricb, * Ein Beitr. z. Chemie des Thees und Kaffees,' Diss. 
Dorpat, 1872 (Joum. Chem. Soc. xxvi. 1235). 

« Pharm. Zeitschr. f. Kussland, 369, 1872 (Year-book of Pharm. 239, 
1873). 

» Pharm. Zeitschr. f. Russland, 357, 565, 1862. 

^ For the less recent methods of P^ligot and Zollner, see my ' Chem. 
Werthbestimmung,' 59. For other methods see Comaille, Zeitschr. f. anaL 
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§ 177. Theobromine. — Trojanowsky found that the theobromine 
in cacao-seeds might be estimated by the following process ^ : 
^ grams of the powdered seed are freed from fat by treatment 
with petroleum spirit, dried, rubbed down with powdered glass 
.and water to a thin paste, mixed with an equal weight of calcined 
magnesia, and dried in the water-bath at 60'' to 70** C. The residue 
is again finely powdered, and exhausted by boiling with 80 per 
•cent, spirit The decoctions are filtered whilst hot, and evaporated 
to dryness in a beaker. From the dry extract petroleum spirit 
will dissolve a little more fat ; after having been again dried, the 
mass is thrown on to a tared filter, and washed with cold spirit 
till nearly colourless. It is then dried and weighed, and to the 
weight of theobromine thus obtained 0*0007 gram added for 
•every cc of wash-spirit2 

Wolfram estimates theobromine in cacao-seeds by precipitating 
with phosphotungstic acid^ (§ 64), and subsequently separating 

Ohem. XV. 474, 1876 (Year-book of Pharm. 20, 1876); Markownikoflf, ibid. 
xvi. 127, 1877 (Year-book of Phann. 104, 1877) ; Cazeneuye aod Gaillol, 
ibid. xvii. 221, 1878. The latter replace the magnesia in the above method 
with lime, and the ether with chloroform ; Markownikoff also uses chloroform. 
In working upon coffee-beans it will be found very difficult to reduce them to 
the fine powder necessary to ensure the success of the estimation. This may 
be best accomplished after the beans have been thoroughly dried at 100*^0. ; 
Weyrich, however, has shown that the amount of caffeine contained in a 
sample of coffee is no criterion of its quality, and even the estimation of the 
ash, potash and phosphoric acid in addition to that of the caffein^ does not 
furnish data free from objection. Levesie estimated ( Archiv d. Pharm. [3] viii. 
298, 1876 ; Joum. Chem. Soc. xxxi. 752) fat, mucilage, tannin and cellulose, 
but with unsatisfactory results. The determinations of the tbeine, substances 
.soluble in water, ash, etc., in tea, made by Weyrich, showed the possibility of 
detecting adulterations, but not of judging of the quality. 

^ * Beitr. zur pharmacog. und chem. Kenntniss des Cacaos,' Diss. Dorpat, 
1875. This work also contains estimations of the other more important con- 
stituents of cacao (fat, ash, starch, etc.) in various samples. 

' According to determinations made at my request by Treumann, theobromine 
dissolves in 148*5 parts of water at 100% and in 1,600 at W ; in 422*5 parts of 
boiling absolute alcohol, and 4284 parts at 17", and in 105 parts of boiling 
'Chloroform. It differs in its solubility from caffeine, with which, however, it 
shares the reaction with chlorine and ammonia. Shaking with benzene does 
not remove theobromine from aqueous solutions (§ 55). See Archiv d. Pharm. 
{3], xiii. 1, 1878 (Yearbook of Pharm. 71, 1879). Basic acetate of lead does 
not precipitate theobromine from aqueous solution. 

8 Zeitschr. f. anal. Chem. xviii. 346, 1879 (Year-book of Pharm. 48, 1879). 
He prepared his reagent by dissolving 100 grams of tungstate and 60 to 80 
<of phosphate of soda in 500 cc. of water acidulated with nitric acid. For the 
use of phosphotungstic acid as an alkaloid-reagent, see also Scheibler, Joum. 
i. pract. Chem. Ixxx. 211, 1866. 
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the alkaloid from the precipitate. Ten grams of the substance 
are nibbed down with water to a fine paste, then exhausted by 
boiling with the same menstruum, filtered and washed with 
boiling water (700 to 800 cc), as long as alkaloid can be detected 
in the washings. The mixed aqueous solutions are precipitated 
with ammoniacal acetate of lead and filtered. The filtrate is made 
alkaline with caustic soda, evaporated to 50 cc, acidified with 
sulphuric acid, and again filtered. From the acid solution, which 
should contain about 6 per cent, of free sulphuric acid, the theo- 
bromine may be precipitated by warming with phosphomolybdic 
acid. The precipitate is collected when cool, washed with water 
acidified with sulphuric acid, and decomposed by warming with 
caustic baryta ; the excess of the latter is removed by sulphuric acid 
and the sulphuric acid by carbonate of barium. The mixture is 
then filtered whilst hot, evaporated to dryness, and weighed. By 
deducting the ash the amount of pure theobromine is found. 

§ 178. Estimation of Piperine, — The following is Cazeneuve 
and Caillot*s method:^ 10 grams of finely-ground pepper are 
mixed with 20 of slaked lime, and enough water to form a thin 
paste, boiled for fifteen minutes, and then evaporated to dryness, 
on a water-bath ; the residue is finely powdered and exhausted with 
ether. The piperine obtained by evaporating the ethereal solution 
is recrystallized from alcohol and weighed. It would, I think, be 
better if the powdered pepper were first freed from fat by treat- 
ment with petroleum spirit. Possibly the alkaloid might then be 
purified by washing with petroleum spirit and water instead of 
recrystallizing from alcohol. (Compare also § 64.) 

§ 179. Acidimetric Estimation of Nicotine, — Schloessing's process,, 
mentioned in § 68, consists in extracting the nicotine by passing 
the vapour of ether and ammonia through the tobacco, condensing 
the distillate, allowing the ether and ammonia to evaporate, and 
titrating the residual nicotine with dilute sulphuric acid. But 
the alkaloid retains ammonia, and the amount found is conse- 
quently too high. (Compare Kosutany and my * Werthbestim- 
mung.') 

Wittstein, Brandl, and Liecke, all extract the tobacco with 
water acidified with sulphuric acid. Liecke evaporates to a 
syrup, precipitates with 2 volumes of alcohol, washes, and again 
evaporates. The residue is made alkaline with excess of potash,. 

^ Zeitschr. f. anal. Chem. xvii. 379, 1878 (Year-book of Pharm. 42, 1878). 
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and distilled (finally at a temperature of 260°) into a measured 
quantity of volumetric sulphuric acid, the excess of which is then 
determined by solution of soda. Wittstein and Brandl distil the 
acid extract direct with caustic potash, and note the amount of 
sulphuric acid necessary to neutralize the distillate. They then 
evaporate to dryness, extract with alcohol, which dissolves the 
sulphate of nicotine, and determine the sulphuric acid in the 
insoluble portion. This is then deducted from the quantity used, 
and from the difiference the nicotine present is calculated. 

Kosutany treats the leaves, previously soaked in water, with 
milk of lime until free from ammonia, then extracts with water, 
and shakes the filtered solution with petroleum spirit. From the 
latter, after separation, the alkaloid is removed by agitating with 
a known quantity of volumetric sulphuric acid, the excess of 
which is determined by baryta water. (Compare my * Werthbe- 
stimmung,' p. 55.) 

§ 180. Coniine. — Similar methods have also been proposed for 
the estimation of coniine. I have already expressed my opinion 
of them in my * Werthbestimmung,' p. 42, where I have at the 
same time pointed out that those processes which involve the 
evaporation of a solution of chloride of coniine, and determination 
of the alkaloid from the amoimt of chlorine in the residue,^ are 
open to objection on the ground that chloride of coniine is easily 
volatilized (§§ 174, 65). 

§ 181. Separatum of two Alkaloids. — Attention has already been 
drawn in § 69 to cases of the occurrence of two alkaloids in 
vegetable substances. The remarks made in that section may be 
supplemented here with a few examples so taken as to include 
details of processes of more frequent applicability, and to give 
hints for the valuation of drugs in general use. Some such 
instances have already been described in § 174, and I propose 
following these here with the discussion of a few more methods 
for the separation of oidy two alkaloids. 

Let lis first assume that the two alkaloids to be separated differ 
in their behaviour to acids^ as, for instance, jervine and veratroidine, 
alkaloids that occur in Veratrum album, lobelianum and viride.^ 

^ Compibre Hager, ' Untersuchungen,' ii. 250. 

' See Tobien, ' Beitr. z. Kenntniss der Veratrum Alkaloide,' Diss. Dorpat, 
1877 (Pharm. Joum. and Trans. [3], viii. 808) ; Bullock, Amer. Joum. Fharm. 
xlvii 451, and xlix. 453 ; Wormley, ibid, xlviii. 4. 
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Supposing, then, both these alkaloids to have been extracted 
together by shaking with chloroform, and to have been redis- 
solved in dilute (2 per cent) acetic acid, the addition of dilate 
sulphuric acid to such a solution would cause the precipitation of 
the majority of the jervine as sparingly soluble acid sulphate 
(Simon's vegetable baryta). According to Bullock this salt 
requires 427 parts of cold water for solution, and the precipitate 
contains 15*5 per cent of sulphuric acid (H2SO4). The hydro- 
chloric acid precipitate (6-55 per cent HCl) is more soluble; the 
most advantageous method of all is to precipitate nitrate of jervine 
(soluble in 1,200 parts of cold water) by adding nitrate of 
potassium to acetic acid solution. Veratroidine remains in the 
filtrate, from which it can be extracted by shaking with chloro- 
form. In a similar manner parkim may be separated from other 
cinchona alkaloids in the form of a sparingly soluble nitrate. 

The behaviour of two alkaloids to bases will more frequently be 
found to present differences, of which advantage may be taken. 
Here two cases are to be distinguished : viz., either one alkaloid 
is precipitated, and the other left in solution ; or, both are pre- 
cipitated, but one is redissolved by an excess of the precipitant, 
whilst the other is not. As an instance of the first of these two 
cases, the separation of narcotine from narceine may be cited ; the 
former is almost completely precipitated by ammonia, whereas the 
narceine remains in solution. Morphine and codeine serve to 
exemplify the second case, which is of more frequent occurrence ; 
excess of ammonia precipitates the former tolerably completely, 
but the codeine remains dissolved in the filtrate, from which it 
may be extracted by shaking with benzene. On the other hand, 
an excess of lime-water causes the separation of narcotine, but 
does not precipitate morphine. But nearly the whole of the 
latter alkaloid is thrown down if chloride of ammonium be added 
to the solution in caustic lime (§ 187). 

This method of precipitation with excess of alkali is, however, 
unreliable in some cases, in which favourable results might have 
been anticipated. Strychnine can be separated from an acid 
solution very satisfactorily by the addition of excess of ammonia ; 
brucine under the same conditions remains in solution until the 
greater part of the ammonia has volatilized. But if both alkaloids 
are present together, part of the brucine will separate with the 
strychnine on the addition of ammonia.^ 

^ See my *Ermittelung von Giften,* 2nd edition, 259. 
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Carbonated alkalies may occasionally be used instead of caustia 
For the separation of some alkaloids bicarbonates have also been 
recommended, as it was found that under certain conditions one 
alkaloid would form a soluble carbonate, whilst the other was 
immediately precipitated in the free state. In this way paricine can 
be separated from the other bark alkaloids by bicarbonate of soda. 

§ 182. Behaviour to solvents. — Separation may be accomplished in 
this way, either by treating the dry alkaloids with the solvent, or 
by shaking it with the liquid containing the alkaloids in solution. 

An instance of the first case may be found in the separation of 
brucine and strychnine from a mixture of the two alkaloids pre- 
cipitated by ammonia. Absolute alcohol dissolves brucine with 
tolerable facility, but takes up only a minute proportion of strych- 
nine.* Another method, which I formerly employed for the 
separation of these two alkaloids, may also find a place here. It 
consisted in allowing the benzene solution of the mixed alkaloids 
to evaporate until the majority of the strychnine had separated, 
then quickly pouring off the mother liquor, washing with benzene, 
and evaporating to dryness ; the brucine was thus obtained, mixed 
with a little strychnine (0*0683 gr. for every cc). I have suc- 
ceeded in separating the two alkaloids tolerably completely by 
both of these methods, but as they occasionally fail I cannot 
further recommend either of them; the first is, however, the 
more preferable of the two. 

By treatment with water colchicine may be separated from the 
colchiceme, which sometimes accompanies it in colchicum corms. 
The quantity of solvent used must not, however, be too small, as 
colchiceine is more soluble in concentrated aqueous solutions of 
colchicine than in pure water, which dissolves it but very 
sparingly.2 

Moens,* Stoeder,* and Hielbig,^ found 40 per cent, spirit 
adapted for the separation of the dnchonivi^ and * amorphous 

^ Compare my ' Werthbestimmtmg/ 66. Even if the greater part of the 
free ammonia present be allowed to evaporate, the complete precipitation of 
brucine is a matter of difficulty ; that portion of the alkaloid that remains in 
solution must therefore be removed by shaking with benzene. 

* See Hertel, Pharm. Zeitschr. f. Bussland, Nos. 18 to 18, 1881 (Pharm. 
Joum. and Trans. [8], xii. 498). 

» Nieuw Tijdschrift voor de Pharm. in NederL, 322, 1869 ; 7, 1870 ; 161, 
1875. 

* Archiv d. Pharm. [3], xiii. 243, 1878 (Joum. Chem. Soc. xxxvi. 281). 

' Kritische Beurth. der Method, zur Trennung und quant. Best d. China- 
alkaloide,' Diss. Dorpat, 1880. 
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alkaloid ' of cinchona bark. The latter found 1 part of cincho- 
nine dissolve in 1,100 parts of spirit of that strength, but, as the 
solution obtained in the separation of the alkaloids is not a 
saturated one, he recommends the addition of 0*0002 gram 
cinchonine for every cc. of such spirit used. He also found pure 
ether (free from water and alcohol) very suitable for the same 
purpose, as it dissolves so little cinchonine that a correction is 
scarcely necessary. The mixture of both alkaloids must be com- 
pletely dried in the water-bath, and then very carefully powdered. 
The separation of two alkaloids by means of ether may also be 
accomplished by allowing the ethereal solution of both to evaporate 

B 





Fig. 8. 

gradually, and, if one should separate in crystals, removing the 
other by slow washing with ether in the form of vapour. By this 
method I succeeded with Marquis ^ in separating <foZp^intn€/rw» 
delphinoidine in perfectly colourless crystal& 

The flask a, containing the mixed alkaloids (Fig. 8, A), was 
inverted in the wide-mouthed bottle, b, into which about 10 cc. 
of pure ether had been poured. The apparatus was then allowed 
to stand for several days at the ordinary temperature, during 
which ether-vapour from b was continually condensing in a, and 
dropping back into b, saturated with delphinoidine. 

The apparatus figured in 8 B, allows of the process being, to a 
certain extent, regulated ; the funnel a, containing the flask, can 
be raised or lowered at pleasure. 

^ Archiv f. exper. Pathol, und Pharmacol, vii. 55, 1877. 
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For ihe separation of morphins from narcotine by ether, see 
§ 187. Ether and chloroform (free from alcohol) can also be 
used to separate the former from codeine and thehdine. Morphine 
can be separated from thebaine, codeine, and narcotine, by the 
method of agitation: the last three are removed by benzene 
bom aaouoidLl solution, whilst scarcely traces of mo^ne are 
dissolved. 

In a similar manner delphinine and ddphirmdine may be sepa- 
rated from stapUsagrine by agitation with ether, in which the 
latter is insoluble;^ after removing the first two, staphisagrine 
may be extracted with chloroform. 

§ 183. Use of Salts, etc, ; Separation of Quinine and Cinchonidine, 
etc^ — Instances of the use of salts in the separation of alkaloids 
may be found in the emplo3rment of tartrates for the quantitative 
estimation of quinine and cinchonidine in the presence of quinidine 
and cinchonine (cf. § 184, I.) ; by means of iodide of potassium or 
sodium^ quinidine can be separated from cinchonine and ' amorphous 
alkaloid * (cf. § 184, lY.). Wittstein recommended conversion into 
oxalates in alcoholic solution for separating strychnine and brucine;^ 
quinine may be freed from cinchonidine by precipitation as Jiera- 
pathUe^{cl%lSi,lL). 

The separation of calabanne from physostigmine by potassio- 
mercuric iodide, has already been described in § 174; the same 
method might perhaps be feasible with chelidonine and sanguinarine,'^ 

Chloride of gold can be used in separating muscarine from 
anumiiiney as the double salt of the former is more soluble in 
water than that of the latter.^ 

Perchloride of platinum was the salt used in separating paytkie 
from the other bark alkaloids, as the double salt of platinum with 
that alkaloid is very sparingly soluble in water. By means of the 
same salt, ammonia may be separated from those alkaloids and 
amides that yield double salts of greater solubility (§ 98). It 
must) however, be borne in mind that certain alkaloids undergo 

^ See the paper by MarquiB and myself previously quoted. 

* Comp. Moens, loc. cU,j Johanson, Aichiv d. Pharm. x. 418, 1877 ; 
Hielbig, loc cU, 

' Vierteljahreeschrift f. pract. Pharm. viiL 409, 1859. 

* Compare Herapath, Pharm. Joum. and Trans. [1], xi 448 ; xii. 6 ; de 
Vrij [3], vi. 461 ; N. Tijdachr. voor de Pharm. 1881 j Hielbig, he, cit, 

° See my * Ghem. Werthbestimmung,' 102. 

Compare Hamack, Archiv f. exper. Pathol, mid Pharmacol, iv. 82, 1875. 

13 
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rapid decompositioii when precipitated in combination with 
chloride of gold and platinum {e,g, curarine). 

§ 184. QuantUcUive Separation of Several AUcaMds from one 
another. — Such cases occur in the examination of cinchona barks. 
Although several of the many alkaloids in these barks are present 
in such minute quantities that they may generally be neglected, 
there are at least five the detection and estimation of which are 
of importance in valuing samples. These are guinine, dnchonidiney 
qtdnidinef dnchonine, and the so^^ed amorphcus alkaloid. The 
mixed alkaloids are extracted and estimated as directed in § 67. 
For their quantitative separation from one another, I propose 
using Moens' method, which has been recognised by Hielbig, after 
numerous experiments, as suitable for the purpose.^ 

L The mixed alkaloids just referred to are dissolved in acetic 
acid,^ toithotU the application of heat, and the solution evaporated to 
dryness, care being taken that the residue does not turn brown. 
This is then dissolved in the smallest possible quantity of water 
and filtered From the solution, which should not be evaporated, 
quinine and cinchonidine are precipitated together by (about '5 
of a gram of) tartrate of ammonia and soda, which is preferable 
to the Rochelle salt usually used After standing twenty-four 
hours the precipitate is filtered off, washed, dried at 110°, and 
weighed. 1*6 gram of mixed alkaloids would yield about 30 cc. 
of filtrate, and require about the same quantity of wash-water. 
A correction must be made of 0*000746 gram of quinine and 
0000441 gram of cinchonidine for each cc. of filtrate and wash- 
ings, provided that both alkaloids are present together. If the 
bark contains quinine alone, 0*00102 gram must be added for each 
cc. ; or if cinchonidine alone, 0000543 gram. The apparent dis- 
crepancy in these figures is caused by the influence exercised by 
the presence of either tartrate on the solubility of the other. 100 
parts of precipitate indicate 79*41 anhydrous quinine or 76*8 
cinchonidine. 

11. To separate quinine from cinchonidine the mixed tartrates 
are dissolved in 90 to 92 per cent spirit containing 1*6 per cent. 

^ Loc. cU. 

' Hielbig has also experimented with hydrochloric and tartaric adds, Imt 
obtained the best results with acetic. The chlorides formed by the hydro- 
chloric acid appear specially liable to cause errors when subsequently precipi- 
tating with tartrate. Whichever add, howeyer, be chosen, the ezoeas must 
in some way be removed. 
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of sulphuric acid ; the filter used in the previous operation is also 
extracted with spirit of the same strengtL Oi^e part of precipi- 
tate should yield about 20 parts of solution; from this the quinine 
is best precipitated by the reagent recommended by de Vrij,i 
which is prepared as follows: To a solution of 2 parts of sul- 
phate of quinoldine in 8 of 5 per cent, aqueous sulphuric acid, 
a solution of 1 part of iodine and 2 of iodide of potassium in 100 
of water is graduaUy added with constant stirring. The flocculent 
precipitate thus produced is slightly warmed till it agglomerates 
into a resinous mass, which is then washed with warm water, 
dried, and dissolved with application of heat in 6 parts of 92 to 94 
per cent spirit After cooling the liquid is filtered o£f and 
evaporated to dryness, the residue redissolved in 5 parts of spirit, 
again filtered, and the filtrate used as the reagent During the 
precipitation of the herapathite with this reagent, the liquid must 
be vigorously stirred to prevent the partial separation of cinchoni- 
dine in the form of orange flocks. If that has taken place the 
mixture must be warmed until the precipitate disappears. Accord- 
ing to de Yrij, sufficient of the reagent has been added when an 
intense yellow colouration makes its appearance in place of a 
green precipitate of herapathite ; the mixture is then heated to 
incipient ebuUition, cooled, and its weight ascertained to allow of 
a correction for dissolved herapathite being subsequently made. 
Finally, the precipitate is collected on the filter previously used 
in separating the tartrates and washed with a saturated alcoholic 
solution of quinine-herapathite. After draining, the funnel is 
weighed with the filter, dried, and again weighed ; the ^fference 
is. the amount of herapathite solution retained by it^ for each 
gram of which, as well as of mother liquor (not washings), a 
correction must be made of 0*00125 gram of quinine. 100 parts 
of herapathite dried at 100"* indicate 58*22 of anhydrous quinine. 
To ensure the success of the experiment, it is absolutely necessary 
that the herapathite should separate in the form of green glitter- 
ing crystals, as otherwise the solubility differs from that here 
stated ; amorphous herapathite, as well as some of the quinine 
compounds richer in iodine prepared by Jorgensen, are far more 
easily soluble. Unfortunately it sometimes happens, when work- 
ing upon the mixed alkaloids separated from bark, that it is 
impossible to obtain the precipitate in this crystalline condition even 

1 Loc. cii, 

13—2 
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after three or four days. In this case a different correction must 
be made from that above mentioned, viz. 1 in 465, as determined 
by Hielbig, instead of 1 in 600. It is more advantageous to separ 
rate the quinine from the greater part of the cinchonidine by 
ether, then precipitate in the cM and filter off at ance.^ 

ni. The amount of quinine thus found is calculated into 
tartrate, and deducted from the weight of the mixed tartrates 
determined in L ; from the difference the amount of cinchonidine 
present can be calculated. 

lY. The filtrate and washings from the tartrate-precipitate are 
mixed with iodide of sodium (in the proportion of 05 gram for 
each gram of mixed alkaloids), evaporated to 20 cc. cooled, and then 
vigorously stirred. After standing twenty-four hours, the iodide of 
quinidine, etc., that has separated, is collected on a small tared 
filter, transferred to a small beaker, and triturated with 10 cc. of 
95 per cent spirit, returned to the same filter, and again treated 
with the same quantity of spirit The residue is finally washed 
with 20 cc. of water,^ dried and weighed. 100 parts of precipi- 
tate correspond to 71*68 parts of anhydrous quinidine, to which 
a correction of 0*002481 gram has to be added for each cc of 
filtrate and washings. 

Y. To the filtrate and washings from the last operation hydro- 
chloric acid is added until perfectly clear, then considerable excess 
(2 to 3 grams) of carbonate of sqda, and the mixture evaporated to 
dryness on the water-bath. The residue is reduced to the finest 
possible powder, transferred to a small diy flask, and extracted by 
maceration with pure ether, in successive portions of 10 to 20 cc. 
each, as long as any colour is removed. The ethereal filtrates 
are evaporated, the residue dried and weighed as amorphous 
ailcaloid after deducting the quinine that has escaped precipitation 
as tartrate. 

VI. The portion insoluble in ether is freed from that liquid by 
warming, and treated with water to remove soda, etc. ; the dn- 
chonine is then filtered off, washed, dried at 110**, and weighed. 
Traces of that alkaloid adhering to the filter used in filtering the 
ethereal solution and to the sides of the flask, may be dissolved 

^ Compare Ghristenseiii Phann. Zeitachr. f. Bussland, 1881 (Fharm. Journ. 
and Trana. [31 xu. 441 ; de Vrij, ibid. 601). 

' The object of washing with spirit is to redissolve any iodide of cinchonine 
or amorphous alkaloid that may have separated out. It is important that the 
relative proportions of liquid, wash-spirit, and wash-water should be obseryedL 
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in hydrochloric acid, added to the aqueous filtrate containing 
soda, etc., and removed from solution by shaking with chloroform. 
The alkaloid thus isolated must be weighed and added to the 
amount previously found, from which sum, however, the cin- 
chonidine and quinidine left in solution must be deducted if great 
accuracy is required. 

Hielbig also describes a second process for determining quxnidi'M^ 
anekoninej and amorphous alkaloid^ as follows : 

Vn. The filtrate and washings from the precipitated tartrates 
are evaporated to 20 cc, and for each gram of mixed alkaloids 
0*5 gram of iodide of sodium, dissolved in 5 cc of water and 15 
of 90 per cent spirit, is added, and the whole allowed to stand 
for twenty-four hours in a cool place. The iodide of qumidine is 
then collected on a tared filter, washed with a little water, dried at 
100% and weighed. (No correction is necessary for the alkaloid 
left in solutioa) 

YIIL The filtrate from the last operation is treated as in Y., 
but the precipitate produced by the soda solution is here filtered 
off and the alkaloid still retained by the liquid extracted by 
shaking with chloroform. Both portions are then transferred to 
a beaker, and macerated with 40 per cent spirit to remove 
amorphous alkaloid. It is best to cool the mixture and agitate, 
repeating the treatment as long as the spirit becomes coloured. 
The cindionine is finally filtered off, dried, and weighed, 0*000202 
gram being added for each cc. of spirit used. 

IX. The alcoholic solutions are evaporated to diyness at 110°, 
and from the weight of the residue the quinine, cinchonidine, and 
cinchonine, previously reckoned as 'correction,' deducted. The 
remainder is to be regarded as amorphous alkaloid. 

If the bark contain so little quinine and cinchonidine that 
after the addition of tartrate only single crystals are deposited on 
the sides of the beaker where touched by the glass rod, in quan- 
tity too small to allow of their being weighed, it may be assumed 
that the liquid contains at least the amount of alkaloid equal to 
the correction to be made. The actual presence of quinine may 
be detected by the thalleioquin reaction (§ 171) : if that yield a 
positive result, the presence of cinchonidine must remain a matter 
for conjecture ; but if the result be negative, the precipitate may 
be assumed to consist of cinchonidine, and its quantity calculated 
from the correction to be made. 
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The same course may be pursued when only traces of quinidine 
are precipitated. 

§ 185. Behaviour to Polarized Light. — Attempts have also been 
made in examining barks to take advantage of the differences 
the alkaloids show in their behaviour towards polarized light, but 
the requisite accuracy does not seem to have been yet attained.^ 
In working with mixtures of the pure alkaloids, the results are, 
it is true, very satisfactory ; but as soon as the mixed alkaloids 
separated from barks are examined the errors increase, as even 
small quantities of contaminating impurity can exercise a con- 
siderable influence on their action on a ray of light 

The most feasible is Oudemans' method of estimating quinine 
and cinchcnidine. The alkaloids are precipitated as tartrates, and 
redissolved in hydrochloric acid (to 0*4 gram precipitate about 
3 cc. normal acid, and water to 20 cc.). Such a solution of quinine 
shows a rotation [a]D= -215-8'*; of cinchonidine [a]D= -131-3*. 
The calculations may therefore be made according to the formula : 

216-8a;+ 131 -3(100 -«) = 100(a)- 

where x is the percentage of tartrate of quinine, and (a)" die 
specific rotatory power of the mixture. 

§ 186. Other Cinchona Alkaloids.'^The following are some of the 
cinchona alkaloids of less frequent occurrence : 

AricinCy^ the sulphate of which swells up to a jelly in chloro- 
form. 

CtLSConine,^ the neutral sulphate of which gelatinizes in aqueous 
solution, and does not dissolve in more sulphuric acid. Acetate 
of cusconine is also gelatinous. 

QuinamineA This alkaloid occurs notably in Cinchona succirubra, 
and generally remains associated with the * amorphous alkaloid ' 

^ Compare the papen quoted in § 172 by Oudemans, Hesse and Hielbig. 
For the application of fluorescence, see Kemer, Zeitschr. f. anal. Chemie, ix. 
135, 1870. 

' Compare Hesse, AnnaL d. Chem. und Pharm. dxxzL 58, 1876 (Phann. 
Joum. and Trans. [3], vii. 331, 1876). 

* See Hesse, Ber. d. d. chem. Ges. ix. 742, 1876 (Year-book Phaim. 226, 
1880). 

* Compare Hesse, Ber. d. d. chem. Ges. x. 2152, 1877 (Tear-book Pharm. 
62, 1878) ; AnnaL d. Chem. und Phaim. cxcix. 833, 1880 (Year-book Pharm. 
84, 1880) ; de Vrij, N. Tijdschr. voor de Pharm. en Nederl. 69, 1877. 
Oudemans, AnnaL d. Chem. und Pharm. oxoyiii. 185, 1879 (Year-book 
Pharm. 57, 1879; 34,1880). 
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isolated in the examination of the bark. It may be separated as 
follows : The mixed alkaloids are dissolved in dilute acetic add, 
and to the solution sulphocyanide of potassium is added until the 
colour is only pale yellow. After standing till perfectly clear it 
is filtered, the filtrate made alkaline with ammonia and shaken 
with ether. The residue obtained by evaporating the ethereal 
solution is then recrystallized from alcohol. Quinamine dissolves 
in 32 parts of ether, and is also soluble in boiling petroleum 
spirit The precipitate produced with chloride of gold rapidly 
decomposes with production of a red colouration. 

For pariciniy see § 181 ; paytine^ §§ 183, 189. Hesse states 
of the latter that it is coloured purplish-red by chloride of gold, 
and red passing to blue by chlorinated lime. 

For other cinchona alkaloids, see Hesse in the papers, etc., 
abeady quoted.^ 

§ 187. Esiimatian of Opium. — Many methods have abready been 
proposed for the estimation of the more important opium alkaloids. 
I have criticized them at length in my ' Ghemische Werthbestim- 
mung,' and restrict myself, therefore, here to recapitulating the 
modification of the Guibourt-Schacht's process there recommended, 
adding a few remarks on methods that have appeared since the 
publication of that work. 

I. Five to ten grams of powdered opium are triturated with 
water to a very thin paste, macerated twenty-four hours and 
filtered. The residue is again treated in the same manner, and 
finally washed on the filter until the washings are colourless. 
When dried the insoluble portion should not amount to more 
than 40 per cent of the opium employed. It still contains nar- 
cotine, which may be estimated according to VL 

n. The aqueous infusions and washings are evaporated in the 
water-bath until reduced to about five times the weight of the 
opium employed, cooled, filtered if necessary, and mixed with the 
slightest possible excess of ammonia. ^ It is then vigorously stirred, 

^ Compare also Ber. d. d. chem. Gee. xi. 1938, 1878 (Fhann. Joum. and 
Ttane. [8], xi. 889, 1881) ; AnnaL d. Chem. und Pharm. ccv. 194, 211, 1880 
(Tear-book Pharm. 24, 27, 28, 1879 ; 42-44, 1881). 

'. See Cleaver, Amer. Joum. Phann. zlviii. 869, 1876 (Pharm. Joorn. and 
TtaDB. [8], vii. 240), and my remarks in the JahresK f. Pharm. 176, 1876. 
Cleaver, who also employs a modification of Mohr's process, recommends tbe 
opium to be previously exhausted with bisulphide of carbon, which removes 
substances that interfere with the subsequent operations. 
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and allowed to stand exposed to the air, with occasional agitation, 
until the excess of ammonia has disappeared (not longer). The 
precipitated mixture of morphine, narcotine, and meconate of 
calcium is filtered ofT and dried It should amount to not less 
than 14 per cent, of the opium used. Filtrate and washings are 
treated according to Y . 

in. The precipitate is remoyed from the filter, reduced to the 
finest possible powder, and macerated with pare ether in a dry 
flask as long as narcotine is removed. The ethereal solutions are 
filtered through the same filter, evaporated to dryness at 110% 
and weighed, or instead of weighing the residue may be dissolved 
in water acidulated with sulphuric acid, and titrated with potassio- 
mercuric iodide (§ 65). The weight is noted as the amount of 
narcotine soluble in water. 

lY. The residue insoluble in ether is dried and exhausted with 
boiling alcohol of specific gravity 0*81, which removes morphine, 
and leaves meconate of calcium undissolved. The alcoholic solu- 
tions are filtered through the filter already used in the extraction 
with ether. The weight of the alkaloid can be ascertained either 
by evaporating to dryness, redissolving in acidulated water, pre- 
cipitating with ammonia, and weighing, or by evaporating, redis- 
solving in dilute sulphuric acid, and titrating according to § 65. 
Good opium contains at least 8 per cent of morphine. 

Y. If the morphine is reprecipitated for gravimetric estimation 
the filtrate may be mixed with the filtrate from 11., made alkaline 
with ammonia, and shaken with amylic alcohol. All the morphine 
in solution is thus removed, and the amount which escapes precipi- 
tation in II. is sometimes very considerable. The amylic-alcohol 
solutions are evaporated to dryness, the residue dissolved in a 
little acidulated water, precipitated with a slight excess of 
ammonia, dried, weighed, and noted as morphine. A correction 
of O'OOl gram for each ca of mother-liquid may be made if 
desirable. 

YI. If the sample under examination is an opium of good 
quality the insoluble residue from I. will contain narcotine, but 
no morphine. The former may be estimated by extracting with 
water acidulated with sulphuric acid, precipitating with ammonia, 
filtering, washing, redissolving in dilute sulphuric acid, and 
titrating with potassio-mercuric iodide (§ 65). 

§ 188. Other Methods, — ^Weak spirit was also formerly employed 
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in the place of water for exhausting the opium, and Proctor^ has 
recently proposed triturating the opium (13 grams) with water 
(15*5 gram) to a paste in a warm mortar, adding methylated 
spirit (46 grams) by degrees, and exhausting by percolation with 
the latter menstruum. The solution is evaporated to a syrup, 
mixed with water (63 grams), and filtered. The filtrate is again 
evaporated (to 6 cc), mixed with an equal volume of methylated 
spirit and slight excess of ammonia, allowed to stand twelve to 
eighteen hours, filtered and the precipitate washed, first with a 
mixture of equal quantities of methylated spirit and water, and 
finally with the latter alone (about 31 grams). Proctor removes 
narcotine with benzene. 

For the approximate estimation of the morphine ProUius 
recommends extracting the opium with 10 parts of 34 per cent, 
spirit, mixing the solution with 5 parts of ether and 0*2 of 
ammonia, allowing to stand twelve to twenty-four hours, filtering 
off, drying and weighing the morphine, which separates at the 
line of demarcation; narcotine is said to be dissolved by the 
ether. 

Fluckiger' exhausts 8 grams of powdered opium by agitation 
for twelve hours with 80 grams of water, and filters the infusion 
through a filter 125 mm. in diameter.' 42*5 grams of the filtrate 
are mixed with 12 grams of alcohol of sp. gr. 0-812, 10 grams of 
ether, and 1*5 caustic ammonia in a tared flask, and set aside for 
a day or two. The crystals of morphine that have separated are 
then collected on a double filter 4 inches in diameter : both flask and 
residue on the filter are washed, first with a mixture of 6 grams 
of spirit with 5 of ether, and afterwards with 10 grams of ether. 
The crystals are finally gently pressed, returned to the flask, dried, 
and weighed. To the amoimt thus obtained Fliickiger adds 0*1 
gram (Mylius 0*088) for loss in precipitating and washing. 

For the rotatory potoer of opium alkaloids, see Hesse.* 

§ 189. Other Alkaloids. — In treating of the more important 

1 Phftrm. Joorn. and Traiuk [3], vii. 244, 1876 ; yiii. 211, 1877. 

* Pharm. Zeitnng, Nob. 67, 59, 1879 (Pharm. Joum. and Trans. [3], x. 254, 
1879). See also Van der Burg, Pharm. WeekbL No. 26, 1879 ; Mylins, 
Aixshiy d. Pharm. [3], xv. 310, 1879 (Year-book Pharm. 22, 23, 1880). 

* Annal. d. Ohem. and Pharm. clxxyi. 189, 1875. See also Yvon, Joum. 
de Pharm. et de Chim. xxiz. 372, 445, 1879. A paper on the rarer opium 
alkaloids was published by Hesse in the Annal. d. Chem. und Pharm. oliii. 
47, 1870 (Pharm. Joum. and Trans. [8], i. 205, 1870). 
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alkaloids, I have described such of their properties only as are of 
importance for the object of this work, and refer students that 
may desire more minute details to any good text- or hand-book of 
chemistry. I may be permitted to give a few literary references, 
and make a few observations on some of the alkaloids with which 
we are less familiar, and about which little or no information is 
to be found in text- or hand-books, in case it should be necessary 
in the course of an analysis to compare a substance with any one 
of them. 

For ergotinine and picrosderotiney compare Tanret^ and Blum- 
beig.^ Two volumes of cona sulphuric add colour an aqueous 
solution of the former, first red, then bluish-violet, of the latter 
violet. With an equal volume of Frohde's reagent, both are 
coloured violet, passing to blua Both can be extracted from 
solution by agitation with ether. The latter, which is resinous 
and very sparingly soluble in water, is possibly a decomposition- 
product of the former. 

For curarine, which is freely soluble in water, see Preyer^ and 
Sacha^ This alkaloid cannot be removed from solution by shak- 
ing with ether, etc. Its reactions are described in § 171. Chloro- 
form extracts small quantities (sufficient for the reactions and 
physiological experiments) of the alkaloid from the residue 
(finely powdered) obtained by evaporating its aqueous solution. 
(Compare also §§ 64, 68, 182.) 

For erytkrophUeint see Gallois and Hardy. ^ It is soluble in 
water, can be extracted by shaking with acetic ether, and is 
coloured violet by sulphuric acid and permanganate of potassium. 

Ldbdime^ see Lewis and Bichardson.^ (Cf. § 56.) 



1 Bepert de Phann. N. ^t, iii. 808, 1875 ; v. 226, 1877 (Phann. Joom. 
and Trans. [8], vii. 249. 1876 ; vi. 522, 1875). 

> Ein. Beitr. z. Kenntniss d. Mutterkomalk. Din. Dorpat, 1878 (Pharm. 
Jonm. and Trans. [3], ix. 23). 

» Zeitschr. f. Chem. vi. 382, Compt. rend. L 1828, 1865. See also Koch, 
' Vers, ttber die Nachweisbarkeit d. Cnrarins in thier. Flttssigk. und Geweben,' 
Diss. Dotpat, 1870, and my 'Beitr. z. geriohU. Chem.' 170, St. Petersboig, 
1871. 

4 Annal. d. Chem. a. Pharm., cxd 254, 1878 (Joum. Chem. Soc. xxxiv. 
517). See also my observations in the Jahresb. f. Pharm. for the same year. 

» Union Phann. xvii. 202, 1876 (Pharm. Joum. and Trans. [8], vii 77, 
1876), also xix. 359, 1878. 

< Amer. Joum. Pharm. 293, 1872 ; Pharm. Joum. and Trans. [8], viii. 561, 
1878. See also my ' Beitr. z. gerichtl. Chem.' 18. 
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Canessine or wrightine, see Haines^ and Stenhousa^ It is very 
sparingly soluble in alcohol, ether, and bisulphide of carbon. 

Harmaline and harmine^ compare Fritsche.^ The former yields 
yellow salts with acids — the latter colourless. Both are some- 
what sparingly soluble in alcohol. 

Swi/nami'M is also sparingly soluble in spirit (Compare Hiitten- 
schmidt and Winkler.^) 

Aribine^ see Rieth.^ It is sparingly soluble in ether, as is also 

Atherospermine, compare Zeyer ;^ and Rhceadine^ compare Hesse.^ 
The latter is colourless, but is converted by dilute acids into 
deep red rhoeagenine. 

Fioline^ compare Boullay ;® for beberinej see Maclagan ^ (cf. § 171); 
for beUadannine^seQ Hxibschman ;^® for cocaine and hygrine^ compare 
Niemann, Wohler, and Lessen. ^^ Concentrated hydrochloric acid 
decomposes cocaine into ben2oic acid, and the alkaloidal ecgonina 

For chlorogenine and porphyrins see Hesse.^^ Chlorogenine in 
acid solution shows a powerful blue fluorescence. 

CorydcUine^ compare Wackenroder, Miiller and Leube, Boedecker 
and Wicke.^^ The alkaloid dissolves in cone sulphuric acid, with 
dark red colouration. 

Oytisine, compare Huaemann and Marmd.^^ 

^ Fhann. Jonm. and Trans. [2], vi. 482. 

> Ibid. [2], V. 493 ; Schweizerische Wochenachrift f. Pharm. 172, 174, 
1865. 

*Chem. Gentralblatt, 1847-49, 1858, 1854. See also Goebel, AnnaL d. 
Chem. and Phann. xxxviii. 868, 1841. 

^ Gmelin's ' Handbook* of Chemistry.' 

* Chem. Centralblatt, 908, 1861 (Amer. Joum. Pharm. zzxiv. 895). 

* Vierteljahreflflchr. f. pract. Pharm. x. 518. 1861 (Amer. Joum. Phann. 
zzxiv. 166, zzzv. 458). 

7 Annal. d. Chem. and Pharm. (SuppL) iv. 50 ; czl. 145, 1866 ; czliz. 85, 
1869 (Amer. Joum. Pharm. zxxviiL 568, xxxiz. 122, zlii. 896). 
' Bepert. f. Pharm. zzzi. 37. 

* Annal. d. Chem. und Pharm. zlviii. 109, 1848 ; Iv. 105, 1845 (Phamu 
Joom. and Trans. [1], iii. 177 ; v. 228). 

^^ Vierteljahresschr. f. pract. Pharm. viii. 126, 1859. 

" Ibid. iz. 489, 1860 ; Annal. d. Chem. und Pharm. czzi.872, 1862 (Amer. 
Jonm. Pharm. zzzii. 450, zzxiii. 122, zzziv. 406). 

^' Annal. d. Chem. und Pharm. (Snppl. ) iv. 40. MtiUer's alstonine from 
Alstonia constricta is probably a miztnre of these two alkaloids (Hesse). 

" Aichiv d. Pharm. zlix. 153, 1847. Vierteljahresschr. f. pract. Pharm. 
viii. 586, 1859 ; ix. 524, 1860. Annal. d. Chem. und Pharm. cxxxvii. 274, 
1866. (See Bentley, Pharm. Joum. and Trans. [2], iv. 843, 1862 ; Amer. 
Joum. Pharm. xxxiii. 112). 

i« Chem. CentralbUtt, 781, 1865 ; and N. Jahrb. f. Pharm. xxxi. 198, 1869 
(Pham. Joum. and Trans. [8], i. 682, 1871). 
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Diiamine (echitamine), see Gronip Besanez, and Hesse ;^ for 
ditaine see Hameck.^ The latter is glucosidal, like solanine, and 
assumes a flesh-colour when treated with cone, sulphuric acid, 
whereas ditamine turns splendid purple. 

Oeissospermine and aspidospermine, compare Fraude.' The latter 
yields a deep yiolet solution when warmed with excess of 
perchloride of platinum ; heated with dilute sulphuric acid and a 
little chlorate of potash, or with perchloric acid of sp. gr. 113, it 
turns deep red ; with sulphuric acid and peroxide of lead, brown, 
changing to cherry-red. If not quite pure, in the latter case a 
yiolet colour is produced At a temperature of 14° aspidosper- 
mine dissolves in 6,000 parts of water, 48 of 98 per cent spirit, 
and 106 of ether. 

Dvkamarine^ see Wittstein;^ alkaloid in EschschoUzia^ see Walz;^ 

^ AmuJ. d. Chem. und Phftrm. clxxvL 88, 326 ; dxxviii. 49, 1875 (Pharm. 
Joarn. and Trans. [3], yL 142, 1875). Ber. d. d. chem. Ges. ziiL 1841, 1880 
(Tear-book Pharm. 171, 1881). 

' Archiv f. exper. Pathol, und Pharmacol, vii. 128, 1877. Ber. d. d. chem. 
Ges. zi. 2004, 1878 (Yearbook Pharm. 188, 1878); ibid. xiii. 1645, 1880 
(see also Pharm. Jonra. and Trans. [3], viii. 803, 1878 ; xi. 331, 1870). 
Scharl^e's alstonine (Hesse's alstonanine) from Alstonia spectabiUs appears to 
be closely allied to ditamine, but crystaUizes with facility. 

* Ber. d. d. chem. Gee. xi. 2189, 1878 (Yearbook Pharm. 193, 1879) ; ibid, 
xii. 1558, 1560 (Pharm. Joum. and Trans. [3], x. 712, 1880). See also my 
observations in the Jahresb. f. Pharm. 120, 1878 ; and Hesse, ibid, 115, 
1877 (Pharm. Joum. and Trans. [3], viii. 648, 1878). The name geissoeper- 
mine appears to have been applied to two different alkaloids, of which the one 
discovered by Hesse yields reactions closely resembling those of aspidosper- 
mine (red colouration with nitric acid, etc.)* Hesse's geissospermine produces 
a splendid red colour with sulphuric acid and bichromate of potassium, blue 
with sulphuric acid and ferric salts, deep blue with Frohde's reagent, and 
changes the colour of chloride of gold solution to a deep red. It can be 
removed from solution Vy shaking with benzene or chloroform, and is accom- 
panied by an alkaloid which is. easily soluble in ether and turns reddish- 
violet with sulphuric acid. The identity of aspidospermine and paytine 
already alluded to (§ 186) is contested by Hesse. The same chemist has also 
lately discovered a second alkaloid in quebracho, which he calls quebrachine ; 
it is coloured blue with sulphuric acid and peroxide of lead (Ber. d. d. chem. 
Gres. xiii. 2308 ; see Pharm. Joum. and Trans. [3], xii. 704). In examining 
quebracho bark, I noticed that chloroform extracted from acid solutions (§ 55) 
a small quantity of an alkaloid giving the reaction of aspidospermine. Solu- 
tions rendered alkaline with ammonia yielded to petroleum spirit and benzene 
a mixture that reacted like aspidospermine with siilphuric acid and chlorate of 
potash, but was coloured splendid violet by Frohde's reagent, and behaved like 
strychnine to sulphuric acid and bichromate of potash. Compare also Arata, 
Actas de la Acad. nac. in Buenos Aires, 1881 ; Hesse, Annal. d. Chem. u. 
Pharm. ccxi. 249, 1882. 

« Pharm. Vierteljahresschr. i. 371, 495, 1850. Cf. § 167. 

B N. Jahrb. f. Pharm. viii. 223, 1857 (Amer. Joum. Pharm. xxxiv. 329). 
Compare also my 'Ermittelung d. Gifte.' 
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glaucine, see Probst;^ fumarine, see Pommier, Hannon, and 
Preussj2 gelsemine, see Eobbins* (cf. §§ 55, 171); hydrastine, 
see Perrins;* jvarubebine^ see Greene;* loturine, see § 168; meni- 
spermim and jparamenispermine, see Szteyner ; ® olewndrine^ see 
Leukowsky ;^ oxyaccmthine, see Polex ;® pelleiierine (punicine), see 
Tanret* 

PereirinCy see Groos.^^ It dissolves with purple colour in nitric 
acid. 

Sparteine, see Mills (cf. § 55) ;^^ tasdne, see Marm^ (c£ §§ 55, 
171) ;^2 lycopodine,^^ nuphanne,^^ 

§ 190. Amides^ — The following are amides of less complex 
constitution occasionally met with in plants : 

Amanitine, which may be distinguished from muscarine by the 
properties of the gold salt (§ 183) and by the negative results 
of physiological experimental* It is isomeric, but not identical 
with choline (neurine, sinkaline), and is converted into muscarine 
by the action of nitric acid, whereas, under similar conditions, 
choline yields betai/ne (= butylalanine and oxyneurine). Musca- 
rine differs from betaine in being more powerfully alkaline.^® 

^ AnnaL d. Chem. und Pharm. xxix. 120, xxzi. 250, 1888 (Amer. Jonm. 
Phftrm. xxxiii. 9). 

2 N. Bepert. f. Pharm. u, 469, 1863 ; ^erteljahresachr. f. pract. Phann. 
ill. 68, 1852 ; Zeitschr. f. Ghem. ii. 414, 1866. 

8 Jahreeb. f. Pharm. 152, 1876 (Amer. Journ. Pharm. 191, 1876). Bobbins 
identified the so-called gelsemic acid with aesculin. 

^ Pharm. Journ. and Trans. [2], iii 546, 1862. See also Mahla, Jonm. f. 
praot. Ghem. xci. 248 ; Prescott, Amer. Journ. Pharm. zlvii. 481, 1875 ; 
Hale, ibid. 247. 

A Amer. Journ. Pharm. xlix. 506, 1877. 

• Jahresb. f. Pharm. 141, 1878. 

^ Ibid. xlvi. 897. 

B Archiv d. Pharm. [1], vi. 271, 1824 (Amer. Journ. Pharm. xxxiii. 455). 

' Journ. de Pharm. et de Ghimie, xxviii 168, 1878 (Pharm. Journ. and 
Trans. [8], ix. 450). 

'^^ Ghem. Gentralblatt, 610, 1889. Compare also Peretti, Journ. de Ghinu 
med. xxvi. 162. 

^^ Annal. d. Ghem. und Pharm. cxxv. 71, 1862. 

13 Jahresb. f. Pharm. 98, 1876 ; compare also 686, 1878 (Pharm. Journ. and 
Trans. [8], 893, 1877). 

i> Annal. d. Ghem. und Pharm. ccviii. 868, 1881 (Phann. Journ. and Trans. 
[8], xii. 280, 1881). 

" Grilning, loc. eii, 

1' Gompare Schmiedebeig, Ber. d.d.chem. Ges. iv. 698, 1871, and Hamack, 
Uk, eU, (Pharm. Journ. and Trans. [2], xi. 865, 1869). 

i< For betaine see Scheibler, Ber. d. d. chem. Ges. ii. 292, 296, 1869 ; identity 
with oxyneurine, ibid. iii. 155; with lycine see Husemann, Sohweiz. 
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Choline and anutnitine are also tolerably strongly alkaline. The 
double salt of platinum and choline is precipitated by alcohol 
from aqueous solution (contains 31*75 to 33*27 per cent Pt) ; the 
gold double salt is sparingly soluble in cold water, more freely in 
boiling (contains 44*25 to 44*9 per cent Au.). The gold and 
platinum double salts of betune are freely soluble in water, and 
especially so in alcohol, but more sparingly in ether. 

§ 191. Asparagine, — ^This substance requires 40 parts of cold 
and 4 of warm water for solution, and is insoluble in absolute 
alcohol and in ether. It crystallizes in colourless rhombic prisma 
Boiling with hydrochloric acid resolves it into aspartic acid and 
ammonia, a reaction upon which Sachsse^ based the following 
method for the quantitaiive estimaiian : — 10 grams of the powdered 
substance are boiled for a quarter of an hour with 200 cc. of a 
mixture of equal volumes of alcohol and water, in a flask pro- 
vided with an upright condenser; 5 cc. of a cold saturated 
alcoholic solution of mercuric chloride are diluted with 5 cc. of 
water, and added to the mixture whilst still hot, the whole thrown 
on a filter, and washed first with hot 50 per cent, spirit, and 
finally with cold water. The filtrate and washings are evaporated 
to dryness, the residue redissolved in the smallest possible quan- 
tity of water (not more than 50 cc.), from which solution the 
mercury is precipitated with sulphuretted hydrogen. The sulphide 
of mercury is filtered off and washed with hot water until filtrate 
and washings measure 110 to 120 cc. This liquid is then mixed 
with 10 cc. of hydrochloric acid and boiled for an hour (with 
upright condenser), by which the asparagine is decomposed into 
ammonia and aspartic acid ; it is then cooled in an atmosphere 
free from ammonia, and made slightly alkaline with pure potash. 
The ammonia produced may be estimated gasometrically by 
EJiop's method ; 14 parts by weight of nitrogen indicate 132 of 
anhydrous asparagine. For asparagine, see also ^ 97, 210. 

The microscopical detection of asparagine may be effected by 
taking advantage of its insolubility in absolute alcohol Crystal- 
line deposits of that substance are usually formed when fresh 
sections of plants containing it are placed in alcohol After being 
dried they are insoluble in a cold saturated aqueous solution of 

Wochensohr. 1875 (Amer. Joum. Pharm. 209, 1876). Compare also Annal. 
d. Chem. Tind Fharm. (Snppl.) ii. 883, Ui. 246, 1864. 
1 Joum. f. pract. Chem. vi. 118, 1873 (Joum. Ghem. Soo. zxvi. 662). 
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asparagine, and melt at 100"* to a homogeneous mass easily soluble 
in water. Should the addition of alcohol not be followed by the 
immediate formation of crystals, Borodin recommends covering 
the object with a coverslip, allowing the spirit to evaporate, and 
then again looking for crystals. 

SchuLse and Ulrich detected glutamine in beet-juice by precipi- 
tating with a slight excess of basic acetate of lead and filtering. 
To the filtrate which contains the glutamine, hydrochloric acid is 
added in the proportion of 25 cc. to a litre ; on boiling for two 
hours the glutamine is decomposed, like asparagine, into ammonia 
and the corresponding acid (glutamic acid). The greater part of 
the hydrochloric acid is now removed by concentrated solution 
of acetate of lead, and to the filtrate basic acetate of lead is 
added imtil the precipitate first formed is redissolved, with the 
exception of the remainder of the chloride of lead. The lead 
salt of glutamic acid is then precipitated from the filtered solu- 
tion by the addition of alcohol It is collected, decomposed 
with sulphuretted hydrogen, and filtered from the sulphide of 
lead. After expelling the excess of sulphuretted hydrogen 
from the liquid, oxide of silver is added to remove any hydro- 
chloric acid present, the solution freed from silver by sulphuretted 
hydrogen, and evaporated to crystallization. The glutamic acid 
thus obtained may be purified by conversion into a copper salt 
and regeneration by sulphuretted hydrogen. The presence of 
glutamic acid was confirmed by converting with nitrous acid into 
the corresponding oxy-acid, from which pyrotartaric acid was 
obtained by the action of hydriodic acid. 

The last portion of glutamic acid from the crystallization of 
the crude product was found to contain aspartic acid.^ 

Glutamine may be esiimcUed qmrUiicUivdy in the same manner 
as asparagine. 

For the quaniUoHve determinaiion of asparagine^ leucine^ tyrosine^ 
etc., see also § 241. 

§ 192. Leucine. — This substance has also been detected in 
certain plants.^ It may be separated from albuminous substances 
by dialysis, and if present in solution with asparagine, will be 
found in the mother-liquor after the crystallization of the latter. 

1 Compare Zeitschr. f. anaL Ghem. xvii. 104, 1878. 

' Compare, for instance, Gorap Beianez, Ber. d. d. ohem. Gee. tH. 146, 
569, 1874 (Jonm. Ghem. Soo. zxvii. 494). 
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It is characterized by crystallizing in sphsBro-crystals, by its be- 
haviour to water and alcohol (dissolves in 27 parts of cold, and 
easily in warm water, in 1040 of cold 96 per cent, spirit^ and 
800 of boiling 98 per cent), by its power of dissolving oxide of 
copper, and by yielding leucic acid when acted upon by nitrous 
acid. 

I have already directed attention to the identity of the cheno- 
podine obtained from decomposing yeast with leucine.^ Gorup 
Besanez has made the same assertions of the chenopodine from 
Chenopodium album. 

Tyrosine^ as well as leucine, has lately been detected in plants, 
especially in germinating seeds. ^ Aqueous extracts of the material 
under examination are concentrated, precipitated with alcohol, 
filtered, freed from alcohol by distillation, evaporated to a syrup, 
and allowed to stand, when the tyrosine separates out in groups 
of warty crystals. By recrystallization from ammoniacal alcohol 
it may be obtained in acicular crystals. Solutions of the latter 
develop a rose-colour with mercuric nitrate and a little nitrous 
acid. Warmed to 50** with concentrated sulphuric acid (half-hour), 
and saturated with carbonate of barium, it yields a mass which 
assumes a fine violet with ferric chloride. 

Raianhin agrees with tyrosine in most of its reactions, especially 
the two just described. It is almost insoluble in cold water, 
alcohol and ether, sparingly soluble in boiling water, but freely in 
ammonia. Suspended in water, and then warmed with a little 
nitric acid, it dissolves, passing, as it does so, from rose to ruby- 
red and blue, turning finally green with red fluorescence. ^ 

VEGETABLE MUCILAGE. 

§ 193. Vegetable MucUage, Pectin^ etc — ^The substances desig- 
nated by these names are a source oi much inconvenience to the 
analyst, due probably to their occurring in various modifications 

^ Compare Bergman, ' Das putride Gift,' Doipat Glaser. See also Beinsch, 
N. Jahrb. f. Fhann. xxvii. 123, 1867. 

^ Compare Schnlze and Barbieri, Ber. d. d. cbem. Ces. x. 199, xi. 710 
(Joum. Chem. Soo. xxxiv. 663). 

* It is notorious that ratanhin does not occur in rhatany-root, and that its 
presence in certain samples of commercial extract of rhatany is due to adultera- 
tion. Compare also Kreitmair, Jahresb. f. Pharm. 136, 1874 (Tear-book 
Pharm. 90, 1875). Gintl believes ratanhin to be identical with angelin from 
Ferreira spectabilis (Zeitschr. d. osteir. Apoth. Yer. 82, 1869). 
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differing greatly from one another in solubility, etc. The majority 
of them are characterized by a certain disposition to combine with 
lime, potash, etc., and this has led to their classification with the 
weak organic acids (arabic acid, etc) ; in fact, some of the differ- 
ences in solubility, etc., seem occasionaUy to depend directly 
upon the quantity and quality of the bases with which they are 
combined.^ 

But other substances, such as albumen, tannin, etc., that simply 
accompany the pectin and mucilage, can also exercise an influence 
on the behaviour of the latter to solvents. On this account, and 
because, as a rule, such matters as mucilage diffuse but slowly, it 
is not always possible, in extracting vegetable substances with 
water according to § 71, to be certain that all the mucilage (arabin, 
eta) soluble in water has really passed into solution. If heat were 
employed, the amount dissolved would certainly be increased, but 
at the same time other and more serious errors would be intro- 
duced. 

One such source of error is to be found in the presence of 
carbohydrates closely allied to soluble mucilage, but differing 
from it in only swelling (not dissolving) in cold water (metarabic 
acid, etc.). These carbohydrates are of frequent occurrence in 
plants. Prolonged heating with water gradually dissolves them. 
Error would also be caused by carbohydrates like lichenin, 
caraghin, starch, etc., hot solutions of which gelatinize on cooling, 
as well as by other substance& 

§ 194. Modified Method of Examinaiion for Mucilage, etc, — For the 
reasons given in § 193, 1 think it is preferable to extract with 
cold water, and estimate the mucilage and albumen in the solution 
prepared according to § 71. The washings mentioned in that 
section should be evaporated to a syrup, in which a similar deter- 
mination of mucilage and albumen should be made. If the 
material has been macerated with exactly 100 cc. of water, and 
65 cc. of filtrate have been obtained (used for the first determina- 
tion of albumen, etc.), then 35 cc. must be retained by the residue 
and filter, and these 35 cc. must be extracted by the washing. If the 

^ This was dearly the case in peony-seed (Archiv cL Pharm. [3], xW. 426, 
1870 ; Jonrn. Chem. Soc. xxxv. 1043). Treatment of the seed with alcoholic 
tartaric acid rendered far more arabic acid soluble in water than it was 
possible to extract by direct treatment with the latter menstraum. It had 
evidently been liberated from combination by tartaric acid, and rendered 
soluble in water, 

14 
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extraction has been complete, the amount of albumen, etc, in the 
washings must be the same as that in 35 cc of the first filtrate 
(which may be calculated from the first estimation) ; but should 
the washings contain more than the corresponding quantity of 
filtrate, the excess must be added to the total of the analysis. 

§ 195. CharacUrs of Soluble Mucilage. — ^Apart from their being 
dissolved by water and precipitated by alcohol from aqueous 
solution, vegetable gum, arabin, arable or gummic acid, is also 
characterized by being converted into glucose when boiled with a 
dilute acid. It must^ however, be observed, that the various 
arable acids, according to their origin, yield glucoses differing to a 
certain extent from one another, some being more powerfully 
dextro-, others Isavo-rotatory ; some crystallizing with facility, 
others again not at all, or only with difficulty, or passing first 
through an intermediate stage as dextrin (according to Eirchner 
with simultaneous production of cellulose). By means of these 
properties, vegetable mucilages of particular origin can sometimes 
be accurately described. Some years ago it was shown by 
Scheibler^ that the arable acid of beet-root yielded, on inversion, 
a considerable quantity of dextro-rotatory arabinose, which 
crystallizes with such facility that it was at first thought to be 
mannite. 

Kiliani has recently asserted the identity of arabinose with 
lactosa Many varieties of gum arabic also behave like arable 
acid, whilst some which are not otherwise distinguishable from 
good gum, differ in yielding Isevo-rotatory non-crystallizable 
glucose. In addition to these, B^champ^ has recently discovered 
a *gummicose^ which appears to be allied to galactose (§ 205). I 
am almost inclined to think that a minute investigation of these 
properties might enable us to distinguish between the various 
forms of vegetable mucilage soluble in water.' 

The examination of the ozidaiiorirjproducts obtained by the 

1 Ber. d. d. chem. Ges. vi 612, 1873 ; Joiim. f. pract Chem. ciii. 458, 
1868 (Journ. Chem. Soc. xxvi. 1124). See alao Neubauer, Jahresb. f. Pharm. 
6, 1854, and Gneger, ibid. 218, 1872. 

^ Compare Btk^hamp, Journ. de Pharm. et de Chim. xxvii. 61, 1878. 

' In general it may be said that the action of dilute acids must be continued 
for a longer time to convert vegetable mucilage (arabin) into glucose <:h*.T> ig 
necessary for dextrin, triticin, etc. But it must be left for further experi- 
ments to show to what extent the amount of glucose produced may be taken 
as an indication of the quantity of arabin originally present. 
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action of nitric acid may also result in the discovery of distinctive 
properties. Special attention should be directed to the presence 
among these oxidation-products of mucic acid, and to the quantity 
in which it is yielded. 

The action of aqueous solutions of these mucilaginous sub- 
stances on polarized light also requires further investigation. It is 
at aU events certain that some arabins are powerfully Isbvo- 
rotatory (cf. § 146), others feebly so, whilst some again are dextro- 
rotatory. 

By the action of hydrochloric, or tolerably dilute sulphuric 
acid, or spirit containing 10 per cent of the latter, arabic acid is 
converted into metarabic acid (§ 226) which is characterized by only 
swelling in water. This modification can be converted into arabic 
acid by boiling with a very dilute non-oxidizing acid, a little sugar 
being simultaneously produced. A similar change to arabic acid 
takes place when metarabic acid is triturated with sufficient lime 
or baryta warter to dissolve it, a lime or baryta salt of arabic acid 
being formed. 

Arabic acid agrees in its essential properties with metapectic 
acid, and approaches pectic acid in such a manner as to allow of 
the conjecture that the latter, when examined in a state of purity, 
will prove identical with it ; in fact, I am of the same opinion as 
Eeichardt^ and others — ^viz., that the so-called pectin substances 
are nothing else than the various forms of vegetable mucilage and 
its nearest allies. 

The insolubility of these mucilaginous and 'pectinous' sub- 
stances in alcohol and ether, and the property they possess of 
swelling in contact with water, allow of their detection micro- 
scopically. They are generally coloured yellow by iodine water 
(for allied substances coloured blue with iodine, see § 244). 
Aniline violet colours vegetable mucilage red. 

§196. Varieties of Gum Arabic. — Masing^has published com- 
munications on the behaviour to reagents (§ 73) of arabic acid, 
and different varieties of gum arabic, and its more important 
surrogates. It appears that 10 per cent aqueous solutions of 
these substances are not precipitated by cold saturated solution of 
acetate of copper, 10 per cent acetate of lead solution, or by ferric 

* Archiv d. Pharm. [3], x. 116, 1877 (Journ. Chem. Soc. xxxii. 502). 
» Archivd. Pharm. [3], xv. 216, 1879; xvii. 84, 1880 (Year-book Phann. 
191, 1881 ; Joam. Chem. Soc. xl. 212). 

14—2 
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chloride of sp. gr. 1*2; a cloudiness or precipitate produced in 
some samples {e.g. Feronia elephantum) is probably due to con- 
tamination. Silicate of potash (1 part of thick soluble glass 
diluted with 20 parts of water) produces in solutions of gum 
arabic, and most of its surrogates, a cloudiness or precipitate 
which partiaUy or wholly redissolves on adding excess. Arabic 
acid remains clear, or becomes only slightly turbid. The same 
reagent does not precipitate the partially soluble gum from 
species of Cactus, Cedrela, or Ehizophora, or solutions of the gum 
from Acacia catechu, A. leucophloea, and species of Albizza, 
Azedirachta, Odina and Conocarpus. A 2 per cent solution of 
stannate of potash yields reactions resembling in general those of 
silicate of potash, but produces in solutions of arabic acid a pre- 
cipitate that redissolves in excess. A 10 per cent, solution of 
neutral sulphate of aluminium gives, as a rule, a precipitate, and 
this is in many cases soluble in caustic potash of sp. gr. 1*13. 
Basic acetate of lead also produces a precipitate, which is generally 
partially or wholly soluble in excess. 

§ 197. SeparcUion from Dextrin, etc. — ^The behaviour of the muci- 
laginous substances soluble in water to basic acetate of lead 
furnishes us with the means of getting rid of them, should we 
wish to make optical or chemical experiments with extracts of 
vegetable substances for the detection of glucose, saccharose, dextrin^ 
iriiicin, etc. (cf. ^ 76, 83) ; care must be taken, however, not to 
add any large excess of the precipitant If this precaution is 
observed, such substances as arabin and dextrin can, I think, be 
more completely separated than by the precipitation with alcohol, 
recommended in §§ 75, 76. In the latter, ethylic alcohol can, as 
I showed some years since, be replaced by methylic.^ 

DEXTRIN, TRITICIN, SINISTRIN, LEVULIN. 

§ 198. Characters. — These carbohydrates are all easily converted 
into glucoses (§ 76) by dilute acids. Dextrin may be distinguished 
by its yielding grape-sugar, whilst triticin, sinistrin and levulin 
are converted into levulose, and are also characterized by their 
behaviour to baryta-water (see also § 77). Levulin ^ is optically 

1 Pharm. Zeitschr. f. RuBsland, Iv. 152, 1866 (note). 
3 Compare Weyher v. Eeidemeister, ' Beitr. z. Kenntmsa d. Levulinfi, etc.* 
DiBB. Dorpat, 1880. 
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inactive; sinistrin and triticin^ differ from one another in the 
extent to which they deviate a ray of polarized light Triticin 
reduces Fehling's solution rapidly, but levulin and sinistrin require 
long boiling before cuprous oxide separates out (levulin, 1^ hour). 
These three carbohydrates also differ in the rapidity with which 
they are converted into glucose when heated with pure water in 
sealed tubea Triticin is here the first to undergo a partial trans- 
formation into sugar. Levulin is more easily converted by yeast 
into carbonic acid and alcohol than is either triticin or sinistrin. 

§ 199. Alcoholates of the foregoing Carbohydrates, Composition^ 
Quantiiaiive Estimation, etc, — ^The precipitates of levulin, triticin 
and sinistrin produced by spirit retain notable quantities of 
alcohol in such a manner as to necessitate the inference that 
distinct alcoholates have been formed. Even after standing for 
three months over sulphuric acid the levulin compound had not 
lost all its alcohol, whilst in a partial vacuum it had disappeared 
in the course of two months. Prolonged heating to 110,** a 
temperature at which the alcoholate melts, is sufficient to cause 
the gradual expulsion of the alcohol 

In estimating the four carbohydrates in question by calculation 
from the amount of sugar yielded by the action of dilute acids, it 
must be remembered that the composition of dextrin, sinistrin 
and levulin, dried at 100'', has been found by analysis to corres- 
pond to the formula CgH^^Og, but that triticin dried at 110* 
has the same composition as cane-sugar : viz., €12^22^11* 

In these cases the glucose (§ 76) is better estimated by Fehling's 
solution (§ 83) than by polarization (§ 208). Solutions of levulin, 
triticin and sinistrin, although inverted with dilute acids only, do 
not always show an angle of rotation = 106** to 107° (§ 205), even 
if the solution be neutralized, evaporated to dryness, redissolved 
in cold water, and tested immediately. On cooling the solution 
after inversion and examining at once, levulin jdelded, in the 
most favourable instances, a sugar with a rotatory power of 81**, 
triticin, 94°, and sinistrin, 96° ; and it was only by conducting 
the inversion in sealed tubes that Reidemeister obtained for 
triticin-sugar a rotation of 106*5°, indicating the presence of 
pure levulose.2 

1 For myoodextrin and mycintdin see Ludwig and Buaae, Archiv d. Fhann. 
clxxxiz. 24, 1869. 

^ Compare Beidemeister, loc, cU, . 
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For the complete inversion of 1 to 1*3 grams of carbohydrate 
dissolved in 35 cc. of water, 5 to 6 drops of hydrochloric acid 
(33 per cent) were found sufficient ; in the case of levulin, two to 
two and a half hours' boiling is required, whilst triticin is com- 
pletely converted in twenty-five to thirty minutes (Reidemeister). 

To obtain accurate results the acid must be as dilute as possible, 
and the action stopped as soon as the inversion is completa Here, 
as in many other instances, hydrochloric acid seems to be prefer- 
able to sulphuric ; considerable quantities of sugar (20 to 30 per 
cent) may otherwise be lost by secondary decompositions, and in 
consequence the estimation of the carbohydrate be attended with 
results inaccurate in the extrema 

For the estimation of glucose by titration, see ^ 83, 84. 

For dextrin, see ako ^ 200, 201, 202. 

•GLUCOSES, SACCHAROSES, ETa 

§ 200. Detection of Grape-sugar. — ^To detect grape-sugar (^ 70, 
83 to 88), Mulder ^ makes use of its reducing action on indigo. 
The solution to be examined is rendered faintly blue with sulphin- 
digotic acid ; carbonate of soda is then added until the reaction is 
alkaline, and the whole boiled for a few seconds. If grape-sugar 
is present, the colour passes from blue to violet, and then dis- 
appears ; the liquid should not, however, be shaken, as the action 
of the air results in the rapid return of the blue colour.^ 

Tincture of litmus, substituted by Yogel^ for indigo, is less 
sensitive. 

Braun ^ directs attention to the reaction between glucose and 
picric acid, and recommends this reagent for distinguishing I 

between grape- and cane-sugar. In the presence of caustic soda ' 

picric acid is converted by boiling with grape-sugar into blood-red 
picramic acid. Fruit- and milk-sugar exert a similar action, which 
is not shared by mannite or cane-sugar. 

For the action of grape-sugar on ferridcyanide of potassium, 
see Gentele ^ and Lenssen.^ The latter also discusses the reduo* 

1 Chem. CentnJblatt, 176, 1861 (Phann. Jonrn. and Trans. [1], xviii. 421). 
' Compare Neubauer, Zeitschr. f. anaL Chem. L S78, 1862. 
> N. Repert. f . Fharm. xi. 62, 1862. 
« Zeitschr. f. anal. Chem. iv. 185, 1865. 

^ Chem. Centralblatt, 91, 1861 ; Stahlschmidt, Ber. d. d. chem. Gm. 141, 
1861 (Amer. Jonm. Pharm. xzxii. 81). 
* Zeitschr. f. anaL Chem. ix. 458, 1870. 
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tion of cyanide of merciuy by glucose as recommended by Knapp^ 
(§ 84), and shows that by neither method can saccharose be accur- 
ately distinguished from glucose. 

0. Schmidt distinguishes between grape- and cane-sugar by 
adding basic acetate of lead and ammonia, and warming. The 
white precipitate that first appears turns red if grape-sugar is 
present; cane-sugar does not yield this reaction.^ 

§ 201. Estimation of Glucose in Presence of Saccharose. — In titrating 
glucose in the presence of saccharose, it is advisable, according to 
Bumpf and Heinzerling,^ to conduct the experiment with the 
utmost rapidity, as the error caused by the dextrin is then but 
very small. 

Barfoed detects grape-sugar in the presence of dextrin by means of 
an aqueous solution of cryst^lized acetate of copper (1 in 15), 
containing 1 per cent of acetic acid. To the liquid under 
examination a few drops of the reagent are added, the whole 
boiled for an instant and cooled. If grape-sugar is present, 
cuprous oxide gradually separates out^ Cane-sugar, milk-sugar, 
and gum behave like dextrin. These statements have been 
confirmed by MiiUer.^ 

§ 202. Detection of Dextrin in Presence of Cane-sugar. — Scheibler® 
has shown that a 20 per cent, aqueous solution becomes cloudy 
on the addition of 4 volumes of 90 to 95 per cent, alcohol if the 
sugar is contaminated with as little as even *5 per cent of dextrin. 
A second test of Scheibler's, depending upon the use of iodine, 
may be passed over here, as it succeeds with impure dextrin only. 
The presence of dextrin and cane-sugar in solution together may 
often be inferred if, after inversion, Fehling's solution shows less 
grape-sugar than could have been anticipated by calculation from 
the rotatory power before inversion; or if the rotatory power 
after inversion is less than that before inversion (taken as due to 
pure cane-sugar) would have led us to expect (See § 207.) 

§ 203. Gravimetric Estimation of Glucose. — Mulder recommends 

^ Aimal. d. Chem. and Fharm. cliv. 252 (Pharm. Joum. and Trana. [8], i. 
301, 1870). 
> Annal. d. Chem. nnd Phann. cxix. 102, 1861. 

* Zeitschr. f. anal. Chem. ix. 358, 1870. Compare also barfoed, ibid. xU. 
29, 1873 (Year-book Pharm. 176, 1874). 

« Zeitflchr. f. anaL Chem. xii.' 27, 1873 (Joum. Chem. Soc. xxvi. 1163). 
" Zeitschr. f. anal. Chem. xviii. 601 (Year-book Pharm; 74, 76, 1879). 

* Zeitschr. f. anal. Chem. x. 372, 1871. 
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for this purpose he&ting for an boor to 60' with excess of alkaline 
copper solution, filtering off, and weighing the cnprons oxide pre- 
cipitated (§ 83). The errors involved by this method, which at 
the best of times can yield only approximate results, have been 
the subject of communications by Fresenius^ and Gratama.* 

g 204. Fermmtatim Test (§ 85).— To detect glucose by this test 
a little of the suspected solution is evaporated until it contains at 
least d per cent of sogar. After cooling a fev drops of tartaric 
acid solution are added, and a litUe good yeast, previously washed 
with distilled water ; 1-2 cc. of tbis mixture are then introduced 
into a eudiometer standing over mercury. If glucose is present 



Fig. ft 

an evolution of carbonic acid will soon begin, and should, in a few 
hours, displace a considerable amount of mercury (§61). By 
means of a blank experiment with distilled water, and the eaiae 
quantity of yeast, it may be ascertained whether any carbonic acid 
has been produced by the yeast itself alone. 

The absence of any evolution of carbonic acid is not necessarily 
a proof that the liquid ia free from glucose. Certain constituents 
of plants, such as salicylic acid, thymol, etc., may occasionally be 
present, and prevent any fermentation taking place.* 

^ Adleil. znr quAnt Analjae, 6th edittoii, 833. 

^ ZeitBchr. f. anal. Chem. ivii. ISTS, 1878 {Joum. Chem. Soc miv. 611). 
' Comp&rs Wameke, 'Usber dl« Wirkung einiger A]itucf>tica uif Hefe.* 
Diss. Doipat, 1879. 
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If this is the case, such a method cannot of course be employed 
for the quantUaiwe ddermincUion of the glucose. But if the solution 
soon passes into a state of fermentation, and a tolerably large 
quantity of gas is produced, an estimation of the amount of 
glucose present may be made in the following manner: The 
glucose solution is prepared as directed for the qualitative test^ 
and a measured quantity of it introduced into the flask A (Fig. 9). 
The second flask B, shown in the figure, contains sulphuric acid^ 
as for the determination of carbonic acid according to the method 
of Fresenius and WilL The whole apparatus is wiped dry, ac- 
curately weighed, and exposed to a temperature of 20"* to 30^ 
The carbonic acid evolved in A, passes through c, and ia dried by 
the sulphuric acid in B, before being expelled through d. After 
the lapse of about two days, when the evolution of gas has ceased, 
the carbonic acid in the apparatus is driven out by aspirating at d. 
The difference in weight is the amount of carbonic acid produced, 
100 parts of which are equivalent to 204*54 of glucose.^ 

§ 205. Characters of the Various Glucoses, — In speaking of glucoses 
in the preceding paragraphs, I referred principally to grape-sugar, 
fruit-sugar, and the combination of both known as invert-sugar. 
Grajpe-sugar (dextrose) possesses the following characters : it can 
be obtained, by gradual deposition from solution, in prismatic 
crystals' containing one molecule of water (cf. § 89) ; an aqueous 
solution, prepared fresh and without heat, in which the sugar is 
present in the crystalline modification, shows a rotatory power for 
(a)D + 91-81° (p= 1) ; whereas a solution that has been heated, in 
which the sugar has passed into the amorphous condition, possesses 
for (a)^ a rotator}' power of 49-54" to 6000% and 46-34"»(p= 12). 
Hoppe Seyler* found the rotatory power of amorphous grape- 
sugar to be (a)0 = 56-4^ from which he obtained the constant 
quantity A' D = 1773*0; this may be used for calculating the 

1 Another method that has been sugg^ested of estimating glucose consists 
in determining the specific gravity before and after fermentation (for 20 to 24 
hours) and calculating 0*219 per cent, of glucose for each 0*001 in the differ- 
ence. Manassein has shown that the method yields good results with the 
sugar in urine (Med. Centralblatt, 551, 1872). 

' Similar crystalline deposits, especially sphierocrystals, have been occa- 
sionally observed in the microscopic eicamination of dried drugs. Compare 
Braun, Zeitschr. d. oesterr. Apoth. Ver. xvi. 337, 1878. 

> Compare Hesse, AnnaL d. Chem. und Pharm. clxzvi. 89, 1875 (Pharm. 
Joum. and Trans. [3], vii. 191 tt 9eq.). 

« Zoitschr. f. anal Chem. xiv. 303, 1875. 
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amount of grape-sugar present from the rotation observed. For 
anhydrous dextrose Tollens and t. Grote^ ascertained (a)], = 53*10% 
and the constant quantity = 1883*3. Hesse has shown that the 
prolonged heating of aqueous solutions of dextrose reduces the 
angle of rotation still further. 

Biot has asserted the existence of glucoses, agreeing with grape- 
sugar in all important properties, but differing from it in their 
rotatory power ; and the truth of this assertion has been proved 
by Hesse. An instance may be cited in salicm-sugar, the crystalline 
modification of which possesses a rotatory power (a)© = 100* (p = 1)» 
and the amorphous (Ge)]> = 50** (populin-sugar is said to correspond 
to ordinary dextrose) ; the rotatory power of phlorose from phloricin 
is five-sixths that of glucose. ^ 

Fruit-sugar (levulose) has recently been obtained in acicular 
crystals;^ a freshly prepared solution shows a rotatory power 
(a)j,= -106** (constant 943*4; see also note to §209), which 
slowly diminishes, on boiling, to - 56°. Levulose dissolves more 
easily in alcohol than crystalline dextrose, which may therefore, to 
a certain extent, be freed from the former by washing with spirit. 
The disposition to form a sparingly soluble compound with lime 
is very characteristic of levulose, and forms, at the same time, a 
means of separating this from grape and other sugars. Like 
dextrose, levulose is fermentable; but when both sugars are 
present together, the former is the first to imdergo alcoholic 
fermentation. 

Sugars allied to levulose, differing from it only in the rotatory 
power, will probably be found in certain plants (Jerusalem arti- 
chokes, etc. ; see also § 199). 

Invert-sugar (see also § 209 et seq.) shows as a rule a rotatoiy 
power for {a)j^ of - 18^ The majority of chemists regard it as a 
mixture of grape- and fruit-sugar, molecule for molecule; but 
Maum6n6^ differs from them, and maintains that he has found in 
it, in addition to these two constituents, another, optically in- 
active, unstable sugar. 

^ Ber. d. d. chem. Ges. 487, 616, 1581, 1876. See aUo Hesse, AnnaL d. 
Ghem. und Pharm. cxcii. 169, 1879. 

* Compare Hesse, Annal. d. Ghem. nnd Phann. cxcii 178, 1878. 

* Jnngfleisch and Lefranc, Comptes rendus, xciii. 647. 

^ Joara. d. Pharm. et de Ghim. zzii. 47, 1875. The name of chylariose has 
been given by Maum^n^ to the hevo-rotatoiy constituent of invert-sugar. 
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According to the researches of Scheibler,^ a freshly prepared 
solution of arabinose possesses a rotatory power {a)jy= +121% 
diminishing, after heating, to +116% It crystallizes, far more 
easily than dextrose, in rhombic crystals ; but is not directly fer- 
mentable. Its action on FehUng's solution resembles that of 
grape-sugar. As already observed Kiliani maintains that arabinose, 
when treated with nitric acid, yields mucic acid, and is identical 
with lactose. (This is contradicted by Clsesson.) 

For caragheenrsugar see Bent6.^ It is said to be optically 
inactive, and to reduce Fehling. 

OaUictose, regarded by Fudakowski^ as a mixture of lactose and 
another glucose, also belongs to this group. It differs from most 
other glucoses in yielding mucic instead of oxalic acid when treated 
with nitric acid. (See also § 195.) 

§ 206. Sorbin, Inosite, etc, — Sorbin, inosite, and eucalyn differ 
considerably in their properties from the foregoing sugars, but 
correspond to the glucoses in formula. 

Sorbin can be obtained in colourless crystals, which are freely 
soluble in water, sparingly in cold spirit It reduces Fehling, 
possesses a rotatory power («);= —46-9'; but is not ferment- 
able. Sorbin must not be confounded with the sorbite belonging 
to the mannite group (§ 212). 

Iru>8itey or phaseomannUe, forms colourless rhombic plates melting 
at 210**, soluble at 19'' in 6 parts of water, insoluble in cold absolute 
alcohol and ether. It is not fermentable, does not reduce Fehling, 
and is optically inactive. * When warmed with nitric acid and 
dried, inosite is said to leave a residue that is coloured purple or 
blue by ammonia and chloride of calcium. 

Eucalyn has been obtained, up to the present time, only in the 
form of an uncrystallizable, non-fermentable syrup. It possesses 
for (a),, a dextro-rotatory power of 65°.* 

1 Ber. d. d. chem. Ges. vi. 612, 1873. 

a Ibid. U. 1157, 1876. 

» Ibid. viii. 699, 1876 ; ix. 42, 1876. 

^ On the occurrence of inoeite in the vegetable kingdon (grape- juice) see 
Hilger, Annal. d. Chem. und Pharm. cbc. 833, 1871 (Year-book Pharm. 156, 
1872) ; also Neugebauer, Zeitachr. f. anal. Chem. xii. 39, 1873. Neugebauer 
has found inosite in vine-leaves also, and at the same time discusses the detec- 
tion of quercetin, quercitrin, eta Nucite^ which has been discovered in hazel- 
leaves, appears to be very similar to inosite (Jahresb. f. Pharm. 167, 1877). 

* For some other saccharine bodies that have been hitherto but little 
investigated, such as dambose, etc., see Ber. d. d. chem. Ges. vi. 1814, 1873. 
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§ 207. Saccharoses, — Cane-sugar differs from the glucoses in 
composition ; its formula, Cifi^J^nj is the same as that of certain 
carbohydrates of the vegetable gum group, triticin, etc. It crystal- 
lizes with tolerable facility in anhydrous monoclinic crystals, is 
freely soluble in cold water, insoluble in ether, and in cold absolute 
alcohol; the latter, when heated to boiling, dissolves about 1*25 
per cent. An aqueous solution is dextro-rotatory. Hesse ^ found 
the rotatory power for (a)i, to be +67 95*(p = l) and +66-50** 
(;? = 10) ;2 ToUens,* + 66 •649^ and + 66 •475°(;? = 10) ; and Schmitz, 
+ 66-627*. Heated for some time to about 160^ cane-sugar is con- 
verted into dextrose and levulosan (CgHj^Og) ; at a higher tempera- 
ture it is decomposed into caramel and other products. It does 
not reduce alkaline copper solution in the cold ; prolonged boil- 
ing, however, causes the gradual separation of cuprous oxide. 
Cane-sugar is only indirectly fermentable, being first gradually 
converted into glucose by the invertin of the yeast (§ 230). It 
has already been observed (^ 86, 88, etc.) that a similar change 
is easily brought about by the action of dilute acids ; the principal 
means of distinguishing cane-sugar from the more important 
glucoses have also been mentioned (see ^ 200 to 204 and § 206). 

The following saccharoses are isomeric with cane-sugar and 
classed with it 

Milk-sugar, which has not yet been detected with certainty in 
the vegetable kingdom, forms rhombic crystals containing 1 
molecule of water of crystallization and soluble in 7 parts of water 
at 10'. Its rotatory power (in solutions that have been previously 
heated) is («),)= +53*63* (j> = 2); Hesse found for freshly pre- 
pared cold solutions (a)j, = +80•68^ It is not directly ferments 
able, but, like cane-sugar, is gradually inverted by yeast. The 
action of dilute acids results in the production of galactose 
(§ 205) ; by oxidation with nitric acid it yields large quantities 
of mucic acid. Milk-sugar reduces ammoniacal silver and alkaline 
copper solution in the cold, but the extent to which reduction is 
effected when boiled with the latter reagent is less than is the case 
with dextrose. When converted into galactose the reducing power 

1 Loc. cU. Calderon found (a)D-67*09** (Joum. de Pharm. et de. Cfaim. 
xxiv. 487, 1876). 

' For the decrease in rotatory power caused by the presence of certain salts 
see Muntz, Ber. d. d. chem. G^. ix. 962, 1876. 

s Ber. d. d. chem. Ges. x. 1403, 1877 ; xi. 1800; 1878. See also Schmits, 
ibid. X. 1414. 



§ 208. ESTIMATION BY POLARIZATION. 221 

is aboat the same as that of invert-sugar, so that after inversion 
10 cc. of Fehling indicate about 0*0475 gram milk-sugar.^ 

To Maltose^ produced together with dextrin by the action of 
diastase on starch, Schulze^ assigns the formula Cy^^^^'\-lljd , 
It resembles milk-sugar in its behaviour to alkaline copper solution. 
Boiling with dilute acids converts it entirely into dextrose, and, as 
with milk-sugar, it is advisable to invert maltose before estimating 
it with Fehling's solution. Its rotatory power is greater than 
than that of dextrose ; {a)^ = 149*5 - 150*6°. Maltose is said to be 
(? directly) fermentable. With nitric acid it yields no mucic acid. 

MdUose crystallizes in needles containing 3 molecules of water. 
It is soluble in 9 jparts of cold water, and is dextro-rotatory 
(-f 102**). Boiling with dilute acids converts it into glucose and 
eucalyn, the latter of which is not fermentable. Yeast also acts 
in a similar manner (§ 206), in which case the glucose produced 
ferments. With nitric acid melitose yields abundance of mucic acid. 

MeUzitose crystallizes in rhombic prisms with 1 molecule of 
water of crystallization. It is freely soluble in water, insoluble 
in alcohol and in ether. An aqueous solution is dextro-rotatory 
(94*48''), and indifferent to Fehling's solution ; it is converted into 
glucose when boiled with a dilute acid ; yields with nitric acid 
no mucic acid, and is slowly decomposed by yeast 

Mycose (trehalose) forms rhombic prisms containing 2 molecules 
of water. Boiling spirit dissolves it tolerably freely ; in aqueous 
solution it is powerfully dextro-rotatory ( + 220°), only slowly 
and incompletely fermented by yeast, and converted into dextrose 
when boiled with dilute acid for several hours. It does not 
redace copper solution, and yields no mucic acid with nitric acid. 

§ 208. Estimation by Polarizaticm, — This is possible when the 
glucose or saccharose is not accompanied by any other similar 
carbohydrate, and when the solution contains no other substance 
(asparagine, etc.) that has an action on polarized light, or when 
all such substances present can be completely removed, either by 
boiling (as albumen), or by precipitation with basic acetate of 
lead (organic acids, gum, etc.) (§ 210). Of course the rotation- 

^ Compare Eodewald and Tollens, Ber. d. d. chem. Ges. xi. 2076, 1878 
(Year-book Pharm. 77, 1879). 

>Ber. d. d. chem. Ges. vii. 1047, 1874 (Year-book Pharm. 85, 1875), and 
Jonm. f. Landwirthschaft, xxvL 67, 1878. See also O'Sullivan, Moniteor scient. 
March, 1874 ; and Ber. d. d. chem. Gres. ix. 281, 1876 (Jonm. Chem. Soc.). 



222 GLUCOSES, SACCHAROSES, ETC. 

constant of the carbohydrate in question must be known. The 
results are generally calculated from the equation 

where C is the weight of the substance (expressed in grams) con- 
tained in a litre of solution, A the rotation-constant of the 
substance to be estimated, a the observed rotation, and L the 
length of the column of solution in millimetres. If the concen- 
tration of the solution has an influence on the optical activity, 
thenjp, the weight of substance in grams in 100 cc. of the solution, 
must also be taken into account^ The same must be done for 
the temperature when that exerts any influence on the rotatory 
power (invert-sugar) (cf. § 199). 

Suppose for instance a solution of grape-sugar in a tube 0*1 
metre long to have shown a rotatory power + S"*, then (using 
Tollens and Grote's constant), 

C= 1883-2 xt^ 

For a solution of levulose with rotatory power - 3', 

C = 943-4x^ 

For a solution of cane-sugar with rotatory power +3* (using 

Wild's constant), 

C = 1505-6 x^ 

In the first instance the solution would contain 56*496 grams 
of dextrose per litre ; in the second, 28*302 grams of levulose in 
the third, 45*168 grams of cane-sugar. See also § 210. 

§ 209. Estimation of two Sugars, — Two sugars present in solution 
together may be accurately estimated, provided that the rotatory 
power of each is known, and the other conditions in § 208 are 
fulfilled. This is frequently the case with solutions of dextrose 
and levulose, Neubauer^ then recommends observing the rotatory 
power, and estimating the sugar with Fehling's solution. If the 
latter indicates 15 per cent, of sugar, then if levulose alone were 
present, the rotatory power (by sodium-light, in a tube 0*1 metre 

^ See Hesse, Annal. d. Chem. und Phann. clxxvi. 95, 1875, and Tollens, 
Ber. d. d. chem. Ges. xi. 1800. 
' Ber. d. d. chem. Ges. x. 827, 1877. 
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long) should be - 15** ( = 16 x 1 -0),^ and for dextrose alone 7 96". 
Supposing now the angle of rotation observed to have been 
-5*202^ that is -9 '7 98"* less than levulose alone, the amount 
of the latter present can be calculated from the statement 

2883-3: 1883-3:: 9-798: a; 

where 2883*3 is the difference between the rotation-constants of 
grape- and fruit-sugar {1883-3 -(-1000-)(, and 1883-3 the con- 
stant of grape-sugar ; multiplying out 

a; = 0-65317x 9-798 
= 6-4 

which is the percentage of levulose, leaving 15-0-6*4 = 8-6 per 
cent, of dextrose. 

§ 210. CaiM- and Invert-sugar. — ^A similar course may be pursued 
in other cases involving the simultaneous estimation of two sugars. 
For cane- and invert-sugar, as they occur for instance in beet-juice, 
it is usual to determine the rotatory power both before and after 
inversion with a dilute acid. If cane-sugar is present, more invert* 
sugar will be found than would correspond to the rotatory power 
first observed. 

According to Haughton,^ the rotatory power of mixtures of cane- 
and invert-sugar cannot be correctly determined unless the excess 
of the basic acetate of lead, used to clarify the solution, is first 
removed. He thinks that the lead forms a dextro-rotatory 
compound with levulose. Such solutions containing lead are 
also said to yield inaccurate results with Fehling's solution. 

If the use of basic acetate of lead alone is insufficient to render 
such liquids as beet-juice, etc., clear and colourless enough for 
examination in the polariscope, it may sometimes be advantage- 
ously combined with solution of alum. It is frequently undesirable 
to decolourize with charcoal, as that is capable of retaining some 
of the sugar. 

The presence of asparagine can be the source of considerable 
error : firstly, because that substance is itself opticaUy active ; and 
secondly, because its rotatory power varies as the solution is acid 
or alkaline. Moreover, it is resolved, by boiling with hydrochloric 

1 Calculated from equation a-^ j^-. Neubauer takes the rotatoiy power of 
levulose to be - IOC instead of - 106\ 
s Joum. Chem, Soa iz. 85; Zeitschr. f, anal. Chem. z. 490, 1871. 
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acid, into afipartic acid and ammonia; the former of which is 
laevo-rotatory in alkaline solution, but dextro-rotatory in acid. 

Asparagine is not precipitated by basic acetate of lead, by lime, 
or by bar3rta ; and although aspartic acid is thrown down by lead 
salts, yet the precipitate is redissolved by an excess.^ 

§ 211. Estimation of three Sugars. — Dupr^* and Apjohn' have 
made the estimation of cane-, grajpe-^ and fruU-sugar in the same 
solution, the subject of investigation. As their methods, how- 
ever, involve a combination of optical and volumetric determina- 
tions in which accuracy is required in ascertaining the amount of 
grape- and fruit-sugar present, especially in titrating, I am afraid 
their processes will at present yield only approximate results. I 
have already shown (§ 85) that the volumetric estimation of 
glucose in the presence of cane-sugar is not so accurate as might 
be wished. 

§ 212. Mannite. — Of mannite (ci § 91) it may be here observed 
that one part dissolves in 6*14 to 6*21 of water at 15^ and in 5*12 
to 5*38 at 20^ One part requires also 1515 of absolute alcohol 
at 17* for complete solution. Although optically inactive, as 
previously stated, it is dextro-rotatory when dissolved in a con- 
centrated solution of borax. It melts at IGG**, and is converted at 
200'' with loss of water into mannitan. With moderately strong 
nitric acid it yields principally mucic and saccharic acids ; with the 
strongest acid, nitro-mannite. It is said (according to Riegel) to 
reduce gold and silver salts, but not alkaline copper solution, when 
warmed for a short time. Mannite prevents, however, the preci- 
pitation of hydrate of copper. 

^ On saocharometry, and especially the estimation of invert-sugar when 
aooompanied by cane-sugar, as in beet- juice, crude sugar, etc., see Yentzke, 
Joum. f. pract. Ghem. xzv. 65, xxviii. 101 ; Kleinschmidt, I>ingler*s polyt. 
Joum. ckxxi. 806, 1867 ; Anders, ibid, clxzxii. 831 ; Bodenbender, 
Zeitschr. f. Chem. N. F. ii. 222, 1867 ; Sostmann, ibid. 480. The latter 
authors draw special attention to the influence that lime exercises on the 
results of optical determinations of cane-sugar. The influence of asparag^e 
and aspartic acid has been observed by Dubrunfaut (Dingler's polyt. Joum. 
cxxi. 305) and Scheibler, ibid, clxxxi. 415). Communications by Scheibler on 
the errors in optical estimations have appeared in the Zeitschr. f. Ghem. N. F. 
iii. 617, and Zeitschr. f. anaL Ghem. viii. 211, 1869. See also. Stammer, 
Dingler's polyt. Joum. dxxxii. 160 ; Dubrunfaut, ibid. cxxi. 299, dxxxv. 231 ; 
Landolt, Zeitschr. f. anal. Ghem. vii. 1, 1868. On the influence of asparagine, 
see lastly also Ghampion and Pellet, ibid. xvi. 120, 1877. 

> Chem. News, xxi. 97, 1870. 

s Ibid. p. 86. See also Zeitschr. f. anal. Ghem. ix. 499, 501, 1870. 
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Dulcite, or mdampyrile, is isomeric wiih mannite, and shares 
most of its important properties. The crystals of the former 
belong to the monoclinic system, those of the latter to the rhombic. 
Dulcite dissolves in three parts of cold water, is optically inactive, 
does not ferment, and melts at 182°. 

Isodnlcite (rhamnodulcite) is also isomeric with the foregoing. 
Crystals of isodulcite melt at 93" to 94*, dissolve in 2*09 parts of 
water at 18**, and also in absolute alcohoL It is not fermentable, 
but reduces Fehling's solution, and is dextro-rotatory, (a)y=8-4**. 

Hesperidirirsiigar and sorbite are also said to be isomeric with 
mannite. The former crystallizes in the monoclinic. system, is 
dextro-rotatory, sparingly soluble in hot absolute alcohol, but 
more easily in hot 70 per cent spirit. It melts at 70*6* to 76", 
and slowly reduces Fehling. Anhydrous sorbite melts at about 
110", and does not reduce Fehling. ^ 

§ 213. QuercUe, etc, — Quercite and pinite are isomeric with 
mannitan and dulcitan and are sweet to the taste. 

Quercite crystallizes in the monoclinic system, dissolves in 8 to 
10 parts of cold water, is dextro-rotatory ( + 33-5"), and melts 
at 235". 

Pinite is indistinctly crystalline, freely soluble in cold water, 
and somewhat soluble in dilute spirit ; it melts at 150", and has 
a dextro-rotatory power of 58-6". 

AbieHte differs from the foregoing in containing the elements 
of a molecule of water less ; it has been the subject of commu- 
nications by Rochleder. ^ 

ACIDS. 

§ 214. Detection of Adds. — ^In addition to the reaction of malic 
add mentioned in § 81, Barfoed^ describes another depending upon 
the conversion of the acid, at a temperature of 160" to 170", into 
male'lc and f umaric acids, with production of a crystalline sublimate. 
A third is the lime-reaction ; malate of lime requires the addition 
of at least 1 to 2 volumes of spirit for precipitation; and when thus 

1 Compare Bonssingault, Jourxi. de Pharm. et de Chim. xvi. 36, 1872 
(Phann. Joum. Trans. [3], iii. 28). 

« Joum. £. pract. Chem. cv, 63, and Apoth.-Ver. viii. 868, 1868. For 
catbarto-mannite, see KubU and Dragendorff, Pharm. Zeitschr. f. Russland, 
IT. 467, 1865, and Keuasler, ibid. xvii. 363, 1878. For bergenite, see Morelle, 
Chem. Centralblatt, 758, 1881 (Comptea rendus, xciii. 646). 

* Zeitschr. f. anal. Chem. vii. 403, 1868. 

15 
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thrown out of solution, softens on wanning and aggregates to a 
mass, which becomes granular and crystalline on cooling. The 
magnesia-reaction, mentioned by the same author as a new one, 
consists in converting into malate of magnesia either by saturating 
the acid with oxide or carbonate of magnesia, or by mixing a con- 
centrated solution of an alkaline malate with chloride of mag- 
nesium. The salt is precipitated by spirit from a hot solution, 
as a tenacious mass hardening on cooling. (Citrate of magnesia 
behaves in a similar manner.) 

Barfoed separates malic from oxalic (§ 219) and tartaric (§ 217) 
acids by precipitating the last two from neutral solution by chloride 
of calcium, and throwing out malate of calcium from the filtrate 
by the addition of alcohol If tartaric acid is present, it must be 
remembered that the calcium-salt of this acid separates but slowly. 
(See also §218.) 

In separating citric (§215) from mdic acid the same chemist 
takes advantage of the fact that citrate of calcium requires less 
spirit for precipitation than malate. 

If malic acid is in solution with oxalic^ tartaric^ and cUric acid, 
Barfoed advises the precipitation of the last three as neutral am- 
monium salts by the addition of 7 to 8 volumes of 98 per cent, 
spirit ; after standing twelve to twenty-four hours the precipitate 
is filtered oflf, and the malic acid thrown down in the filtrate with 
acetate of lead. 

Succinic acid (§ 220) can be separated from malic acid, according 
to Barfoed, by converting into neutral alkaline salts, precipitating 
with acetate of lead, dissolving the precipitate in acetate of ammonia 
solution, and then separating the malate of lead by the addition 
of 2 volumes of spirit ; or the concentrated aqueous solutions of 
the neutral potassium, or sodium-salts, may be mixed with about 
6 volumes of spirit, when the succinate remains in solution. 

For the separation of malic acid from gaUotannic (^ 49 et seq, 
and 165), gallic (§ 151), benzoic (§ 26), acetic and formic (§ 139), 
acid, reference must be made to the original work. 

To remove sulphuric and pJiospIioric acids from solutions in which 
malic acid is to be detected, Barfoed recommends separating the 
first two by the addition of chloride of barium to the hot solution, 
and precipitating the malate of barium from the filtrate by the 
addition of alcohol 

§ 215. Esiiniaiion of Citric Acid. — ^In estimating citric acid^ Creuse 
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takes advantage of the iDSolubility of the bariam-salt in spirit. 
To a neutral sohition of the citrate a solution of acetate of barium 
and 2 volumes of spirit are added. The precipitate is filtered 
off, ignited, converted into sulphate by sulphuric acid, and weighed 
as such. The composition of citrate of barium is said to be 
BagCuHioOu. (Compare Zeitschr. f. anaL Chena. xi. 446, 1871.)^ 

Precipitation by barium had been previously recommended by 
Kammerer as a means of detecting citric acid. ^ If to a solution 
of a citrate excess of acetate of barium is added, a voluminous 
precipitate is obtained, which gradually becomes crystalline 
(prisms) when heated for several hours on the water-bath. The 
presence of other fruit-acids does not interfere. If the solu- 
tion is very dilute it must be concentrated after the addition of 
the barium salt, as otherwise only acicular crystals are produced 
See further §§ 218 to 220. 

§ 216. Qualitative Reactions of Citric Acid. — Sarandinaki has 
drawn attention to the fact that the triethylic ether of citric acid 
decomposes when heated in sealed tubes to 110**, with separation 
of a blue powder ;^ and that an aqueous solution of citrate of 
ammonium, similarly treated for six hours, also deposits a blue 
decomposition-product on subsequent exposure to air and light in 
a fiat dish. Sabanin and Laskowsky^ have shown that neither 
tartaric, malic, nor oxalic acid interferes with the reaction which 
succeeds with 01 gram of citric acid. Aconitic acid comports 
itself like citric. If the juice of a fruit or a vegetable infusion is 
under examination, the citric acid can be precipitated as citrate of 
lead, the latter converted into citrate of barium, and finally into 
citrate of ammonium, which can be tested as above described. 

It may also be observed that an aqueous solution of citric acid 
is optically inactive. According to Roennefahrt, 100 parts of 
ether dissolve 10 parts of the crystallized and 13 of the anhydrous 
acid, and can remove as much as 3*6 parts when shaken with an 
aqueous solution ; facts scarcely in accordance with the statement 

^ For quantitative estimation of tartaric acid, see also Inette, Gomptes 
rendus, Ixvi. 417, 1868. 

' AnnaL d. Chem. nnd Pharm. czlviii. 294, and Zeitschr. f. anal. Chem. 
viii. 298, 1869. 

3 Ber. d. d. chem. Ges. 1100, 1872. Compare also Kammerer, ibid. 736, 
1875 (Joum. Chem. Soc. xxix. 496, xxviii. 1178). 

* Zeitschr. f. anal. Chem. xvii. 73, 1878 (Year-book Pharm. 165, 1878). 

15—2 
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formerly made to the effect that citric acid was difficultly soluble 
in ether. 

§ 217. Precipxtaiicm of Tartaric Acid (§ 82).— As early as 1864, 
Berthelot and de Fleurieu precipitated tartaric acid by converting 
it into acid tartrate, and adding 5 volumes of ether-alcohol.* 
Jokisch and Bolley^ have shown that acid tartrate of calcium may 
be simultaneously thrown down. 

For the estimation of the total acid in must, see Pasteur.' 

Martenson^ precipitates tartaric acid from a 1 per cent, aqueous 
solution of normal tartrate of potassium by the addition of chloride 
of calcium and lime-water. The sides of the porcelain dish in 
which the operation is performed should not be touched by the 
stirring-rod. On standing for several hours, the calcium-salt 
separates in crystals, and can be filtered off, washed with 80 to 
85 per cent, spirit, dried at 100° and weighed ; its composition is 
then CaC4H,0t, 4H,0. 

§ 218. Estimation of Tartaric and Citnc Acid, — Fleischer recom- 
mends the separation of the former as acid tartrate of potassium, 
the precipitation being rendered complete by the addition to the 
solution of twice its volume of 95 per cent, spirit. The acid 
tartrate is filtered off, redissolved, and estimated by titration with 
normal alkali (§ 82). 

The citric acid is precipitated from the filtrate by neutral acetate 
of lead, washed with spirit of about 45 to 50 per cent, liberated 
by sulphuretted hydrogen, and estimated by titration with normal 
alkali 

This method is directly applicable if the acids are present in 
the free state, or in combination with alkalies. ^ 

^ Comptes renduB, Ixxvii. 394. 

' Dingler's polyt. Joum. clxxxiii. 47, 1867 (Amer. Joum. Phann. xxxvi. 60). 
See alBo Kissel, Zeitschr. f. anal. Ghem. viii. 409, 1869. 

> Zeitschr. f. anal Chem. viii. 86, 1869. 

^ Pharm. Zeitschr. f. Russland, viii. 23, 1868 (Amer. Joum. Pharm. xli. 335). 

' See also Schnitzer, Dingler's polyt. Journ. clxiv. 132, 1862, on the separa- 
tion of tartaric from citric acid as acid tartrate. 

Should it appear desirable to estimate the citric acid directly, after removal 
of the tartaric as acid tartrate of potassium, the filtrate may be mixed with 
chloride of calcium and concentrated by boiling. The citrate of calcium that 
separates after adding lime-water should be filtered off hot, washed with boil- 
ing water, dried and weighed (258 parts of the dried salt indicate 192 of citrio 
acid). See also AUen, Zeitschr. f. anal. Chem. xvi. 251, 1877. 

For distinctive characters of tartaric and citric add, see Archiv d. Pharm. 
dviii. 206, 1861 ; Chapman and Smith, Laboratoty, April, 1868 ; Wimmel,. 
Zeitschr. f. anal. Chem. vii. 411, 1868. 
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If the solution contains oxalic and svlplmricy in addition to 
tartaric and citric acids, all of them must be precipitated with 
acetate of lead (which would also throw down part of any chlorine 
that may be present); the precipitate should be washed with 
dilute spirit and treated with ammonia (free from carbonate), 
which dissolves citrate and tartrate of lead and part of the 
chloride. The tartaric acid may be estimated in the solution by 
decomposing the lead-salts with sulphide of ammonium and acetic 
acid, filtering, and precipitating with acetate of potassium as above 
described. If chloride is present^ the citric acid must be subse- 
quently precipitated from a hot solution, either as lead-salt by 
excess of acetate (washing with dilute spirit) or as calcium-salt 
in the presence of spirit ; the latter must be redissolved in acetic 
acid, and precipitated with acetate of lead. 

If lime and phosphates are also present (in hydrochloric acid 
solution), they may be precipitated by acetate of ammonia as 
oxalate of calcium axid phosphate of iron, and washed with solu- 
tion of chloride of ammonium to avoid loss of tartaric acid as 
acid tartrate of calcium. The phosphoric acid may be subse- 
quently precipitated as phosphate of lead, which is insoluble in 
ammonia. The residue of the lead precipitate, after treatment 
with ammonia, can be decomposed by sulphide of ammonium, and 
in the filtrate from the sulphide of lead, phosphoric, sulphuric, and 
oxalic acids determined by the usual processes. 

Malic acid if present would be precipitated together with the 
citric acid as calcium salt ; the former, however, is soluble in 
boiling lime-water. 

Racemic acid would be thrown down with the tartaric acid, but 
could be separated by dissolving the acid tartrate and racemate 
in hydrochloric acid, supersaturating with ammonia and adding 
chloride of calcium, which, under these conditions, precipitates 
racemate of calcium only. ^ 

Racemic acid is optically inactive, whilst tartaric acid is dextro- 
rotatory (a)^ = + 14-18"(i? = 5),or(a)i,= +12-80" (i) = 15). It is 
well-known, however, that racemic acid can be made to yield 
Isevoracemic acid by suitable treatment. 

For detection of tartaric acid in presence of malic, formic acids, etc., see 
Braun, Zeitschr. f. anal. Chem. vii. 349, 1868 ; Kammerer, viii. 300, 1869. 
See also Cailletet, xvu. 499, 1878 (Year-book Pharm. 150, 1878). 

1 Compare Fleischer, Archiv d. Phann. [3], v. 97, 1874 (Joum. Chem. Soo* 
xxvii. 1181). 
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Both tartaric and racemic acids are easily soluble in water and 
alcohol. See also ^219, 220. 

§219. Separation of Oxalic Add. — ^Of the acids above referred 
to, oxalic acid (^ 81, 214, 216, 218) splits up, when heated, into 
water, carbonic acid, and carbonic oxide without separation of 
carbon. It undergoes a similar decomposition when warmed with 
concentrated sulphuric acid. In addition to the reactions already 
described, it must be observed that a neutral solution of an oxalate 
throws down bright yellow crystalline ferrous oxalate, when warmed 
or allowed to stand, with a solution of a ferrous salt According 
to Barfoed,^ the precipitate is soluble in about 4,000 parts of cold 
water, but tolerably easily in solutions of oxalates, tartrates, and 
citrates of the alkalies. The reagent must therefore be added in 
sufficient quantity to convert the whole of the vegetable acids 
present into salts of iron. 

Tartaric acid, if present, might also yield a crystalline precipitate, 
but the colour would be dirty-white and the crystals would be 
distinguishable under the .microscope ; it might be separated by 
cold, very dilute hydrochloric acid, in which the oxalate is almost 
insoluble. Citric acid delays the precipitation, and frequently 
prevents the formation of characteristic crystals, which, however, 
may be obtained by dissolving in a little warm hydrochloric acid 
and neutralizing with ammonia. 

Oxalic acid can be isolated from oxalate of calcium (§110) for 
the purposes of further identification by dissolving in hydro- 
chloric acid, and adding sufficient sulphuric acid to convert into 
sulphate, which can then be completely precipitated by the 
addition of an equal volume of spirit. Or the oxalate may be 
dissolved in the smallest possible quantity of dilute nitric acid, pre- 
cipitated with nitrate of lead, and liberated from the lead-salt by 
sulphuretted hydrogen. (Cf. ^ 81, 218, 220, where the estimation 
of oxalic acid is discussed) Oxalic acid requires 10 parts of cold 
water for solution, but only 2 parts of alcohol 

§ 220. Succinic Acid (§ 214) is also one of those organic com*- 
pounds that are not blackened by concentrated sulphuric acid, 
and leave no carbonaceous residue when heated on platinum foil, 
or in a test-tube. In the latter case the major part is volatilized 
without decomposition. It differs from oxalic acid in being less 
soluble in cold water (about 1 in 15 at 20"*), and in being spar- 

^ *Lehrb. d. oi^. qual. Analyse,' Copenhagen, 1880. 
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ingly dissolved by alcohol, and to but a very slight extent by 
ether. The occurrence of succinic acid is frequently mentioned 
in plant-analyses of less recent date, but in many instances confir- 
mation of such statements is required. And even if that were 
forthcoming, the question might be raised as to whether the acid 
had not been produced by a process of fermentation that might 
have taken place during the manipulation. 

The following reactions may serve for the identification of 
succinic acid : 

Chloride of barium precipitates from a solution of an alkaline 
succinate (in presence of alcohol) a crystalline barium-salt, which 
is soluble in about 250 parts of water, but almost insoluble in 
alcohol. Hydrochloric acid dissolves it, but acetic acid takes up 
only small quantities at the ordinary temperature.^ 

Chloride of calcium also throws down a crystalline salt from 
concentrated solutions of alkaline succinates. The precipitate 
dissolves, according to Barfoed, in about 50 parts of water, but is 
very sparingly soluble in alcohol. If the precipitation takes place 
in the presence of alcohol the salt is at first amorphous, and subse- 
quently assumes a crystalline condition. It dissolves in warm 
dilute acetic acid, and in boiling solution of chloride of ammonium. 
(Distinction from oxalic acid.) 

Succinate of lead is likewise crystalline, but complete separation 
takes place very slowly. Basic acetate of lead throws down an 
amorphous salt. Ferric chloride produces brownish-red amor- 
phous precipitates in solutions of normal alkaline succinates, but 
does not form insoluble compounds with oxalates. 

In separating oxalic from succinic acid advantage may be taken 
of the solubility of ammonium succinate in spirit. Barfoed 
separates tartaric from succinic acid in the form of acid tartrate of 
potassium in the presence of hydrochloric acid and alcohol Or 
it may be precipitated by mixing the hot solution with chloride 
of ammonium, adding chloride of calcium and cooling. Citric acid 
may be separated in a similar manner, but in this case the mixture 
must be boiled until the whole of the citrate of calcium has been 
thrown down; or the solution may be boiled with chloride of 
barium and filtered whilst hot from the precipitated citrate of 
barium. The filtrate contains the succinate of barium, which can 
be thrown down by alcohol after cooling (§ 215). 

^ See Barfoed, loc cit. 
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For the separation of malic acid, see § 214. 

§ 221. Fumaric add can also be sablimed, and, like oxalic and 
succinic acids, yields a precipitate with acetate of lead that 
gradually assumes a crystalline condition (§§81, 214). It 
diflfers from malic acid in its slight solubility in water (according 
to Lassaigne about 1 in 260 at 17**). It is much more easily 
soluble in hot water, and is also dissolved by ether and by cold 
spirit The solubility of the silver-salt is extremely slight ; 
manganous f umarate is also sparingly soluble in water, but freely 
in spirit The acid potassium and acid ammonium salts are not 
very soluble in water, and scarcely at all in cold 80 per cent 
spirit Lime-water does not precipitate fumaric acid. 

McUeic acid is isomeric with the pi'eceding, and, like it, is op- 
tically inactive and 3delds a crystalline lead-salt It is freely 
soluble in water, but cannot be sublimed without decomposition. 

Kink acid may also be mentioned here. It is precipitated by 
ammoniacal, but not by normal acetate of lead; and when 
saturated with milk of lime, yields at first a calcium-salt soluble 
in water. 

Many other vegetable acids can be separated from kinic acid 
by precipitation with- normal acetate of lead ; the filtrate, after 
removal of the excess of lead as sulphide, can be freed from 
sulphuretted hydrogen, boiled with milk of lime, concentrated, 
and allowed to stand, when a crystalline deposit of kinate of 
calcium will gradually separate, or more rapidly if spirit is added. 
The presence of kinic acid in the deposit may be demonstrated 
by heating with sulpliuric acid and black oxide of manganese ; 
the quinone thus produced is volatile, crystallizes in yellow 
needles, and can be detected even in traces by its iodine-like 
odour (§167, arbutin). 

Kinic acid and its silver-salt are easily soluble in water. ^ 

§ 222. Lactic Acid, — Although the occurrence of lactic acid in 
living plants has not been placed beyond doubt, we must devote 
a few lines to it hero, as it is frequently produced from carbo- 
hydrates when vegetable infusions are allowed to stand, and is 
therefore often met with in plant-analysis. It can be detected by 

^ For rvbichloric acid, which occasionally aocompanieH kinic acid and, like 
it, is only precipitated by alkaline acetate of lead solution, see Schwarz, 
Sitzungsber. d. Akad. d. W. in Wien Math, nat Gl. 26, 1852. Rubichlorio 
acid is decomposed with simultaneous sep>aration of green insoluble chlorrubin 
when its aqueous solution is boiled with dilute hydrochloric acid. 
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shaking the aqueous liquid with ether. On evaporating the 
ethereal solution, it is obtained in the form of a syrup, easily 
soluble in water and in alcohoL Both the calcium and lead salts 
are freely dissolved by water, the former requiring about 10 parts 
at the ordinary temperature. Lactic acid can thus be separated 
from many other acids by precipitation with acetate, or, if free 
acids are present, by digestion with carbonate of lead or calcium. 
Lactate of calcium is further soluble in boiling 85 per cent, spirit, 
and ciystallizes from hot saturated spirituous and aqueous solu- 
tions on cooling. 

From a spirituous solution of lactate of lime ether throws down 
an amorphous precipitate, which gradually becomes crystalline,^ 

The magnesium and zinc salts are also crystalline ; the former 
is best prepared by precipitating a concentrated solution of lactate 
of soda with chloride of magnesium in the presence of alcohol j 
the latter is frequently of use in detecting lactic acid. Lactate 
of magnesium requires about 30 parts of cold water for solution, 
of zinc about 60 ; both are far more easily soluble in hot water. 
If the presence of lactic acid is suspected, the aqueous solution 
should be concentrated, digested hot with oxide of zinc, cooled, 
and examined imder the microscope. It should show bundles of 
needles and sphserocrystalline masses, as well as four-sided prisms 
and wedge-shaped crystals. Paralactate (sarcolactate) of zinc is 
much more easily soluble, requiring only about 6 parts of cold 
water. Acicular crystals are also obtained if carbonate of silver 
is used instead of oxide of zinc ; they are soluble in alcohoL 

'Air-dry lactate of calcium contains 29 '2 per cent of water and 
18*3 per cent of oxide of calcium. 

The zinc-salt contains 18 2 per cent, of water and 27*3 per 
cent, of oxide of zinc. 

§ 223. Glycolic Acid, — Glycolic acid is homologous with lactic 
acid, and resembles it in many of its properties. It has been 
found in the juice of unripe grapes. Ethereal solutions yield the 
acid in crystals which melt at 78° to 79°, and are partially 
volatile in the vapour of water without decomposition. Glycolate 
of barium dissolves in 7*9 parts of cold water, of calcium in 80*8, 
of zinc in 31*6, of lead (normal salt) in 31*17. The last three 
can be obtained in crystals. The precipitate produced by basic 
acetate of lead is very sparingly soluble (about 1 in 10,000), and 

^ Compare Barfoed, he, <^i, 144. 
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can therefore be made available for the separation of the acid ; 
the basic lead-salt can be converted into the normal by the action 
of dilute nitric acid. Gljcolic acid can be isolated by shaking 
with ether. Its calcium-salt contains 2309 per cent of oxide of 
calcium, its normal lead-salt 62*48 per cent of oxide of lead. 

ALBUMINOIDS, ETC. 

§ 224. Estim4]Uion, — In § 96 the albuminoids have been estimated 
by multiplying the nitrogen found by 6*25. This calculation is 
based upon the assumption that albuminoid substances contain 
16 per cent of nitrogen.^ Attention has, however, been frequently 
drawn to the fact, that most albuminous substances contain more than 
16 per cent of nitrogen ; those of cereals, leguminous fruits, etc., 
can be estimated to contain at least 16*60 per cent. ; the factor 6*0 
has therefore been recommended in such cases as preferable. But 
even then the results obtained will be too low if the material 
under examination contain much conglutin or gliadin' (as, for 
instance, lupin seeds, almonds, brazil-nuts, wheat, etc), as 
conglutin contains 18*4, and gliadiu (§235) 18*1 percent of 
nitrogen. When, therefore, large quantities of those bodies are 
present, Ritthausen advises multiplying by 5*5. 

§ 225. lAgumin. — If the experiment described in § 93 has shown 
the presence of legumin (vegetable casein), the maceration should 
be repeated in the cold (best at a temp, of 4° to 5**) for about 
five hours, the clear liquid decanted off, and the maceration 

^ It was formerly assumed that they contained 15 6 per cent, of nitrogen, 
and the amount of the latter was therefore multiplied by 6*38. That the 
nitrogen found in alkaloids, albuminoids, etc., by the method of Varrentrapp 
and WiU is too low has already been shown by Y. d. Burg (Zeitschr. f. anal, 
Chem. i7. 322, 1865), Nowak (ibid. xi. 324, 1871), and Seegen and Nowak 
(ibid. xii. 316, 1873 ; xiii. 460, 1874). Meusel expresses himself to the con- 
trary (ibid. v. 197, 1866). Marcker has shown (Annal. d. Landwirthsch. xii. 
619) that the error is not so large if the soda lime used is free from magnesia. 
See also Kreusler (Zeitschr. f. anal. Chem. xii. 854, 1873) ; Miurcker (ibid 
221) ; Marcker und Abesser (ibid. 447) ; Johnson (ibid. 446) ; Ritthausen 
(ibid. xiii. 240, 1874) ; Settegast (ibid. xvii. 501, 1878). On the estima- 
tion of nitrogen, see also Nowak (Zeitschr. f. anal. Chem. xii. 102, 1873) ; 
Makris (ibid. xvi. 249, 1877) ; Habermann (ibid. xvii. 376, 1878) ; Pflilger 
(Archiv. f. ges. Phys. xviii. 117, 1879) ; Hanko (Ber.d. d. chem. Ges. xii. 
451) ; Schiff (Annal d. Chem. und Pharm. cxcv. 293) ; Ritthausen (Zeitschr. 
f. anal. Chem. xviii. 601, 1879). 

> Compare Ritthausen, Bie Eiweisskorper der Getreidearten, Hulsenfriichte 
etc., 237, Bonn, 1872. 
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repeated once more. The legumin can then be precipitated as 
described^ 

During all these manipulations, the exclusion as far as possible of 
the carbonic acid in the air is most strongly to be urged. It would be 
liable, in most cases, to cause an error by partially or completely pre- 
cipitating albuminoids allied to (perhaps identical with) legumin, 
such as globulin, or vegetable vitellin. 

If the material has not been previously entirely freed from fixed 
oil (and this is nob always possible with petroleum spirit) the 
precipitated legumin must be finally washed with absolute alcohol 
and with ether, to remove the oil mechanically retained by it. 

§ 226. Extraction with Dilvte Alkali — Ritthausen has observed 
that the strongly acid reaction of many freshly powdered seeds 
decreases on keeping. Now strongly acid h'quids are less suitable 
for the extraction of legumin than neutral or alkaline ; Weyl,^ 
moreover, asserts that fresh seeds contain no legumin, and ex. 
presses it as his opinion that this substance is produced from 
vitellin and myosin during the manipulations. The differences 
that can thus arise are extremely inconvenient. It must also be 
observed that pure water frequently extracts but very small 
quantities of legumin from vegetable substances containing that 
body, and that the major part is removed only by dilute alkali. 
This portion of the legumin (casein,^ glutencasein, conglutin, 
vegetable fibrin) will therefore be dissolved when the residue in- 
soluble in water is treated with dilute (O'l to 0*2 per cent.) soda 
or potash (§§ 103 to 106). If the presence of legumin is suspected 
it is advisable to extract at a temperature of 4° to 6°. (See also 
§ 233.) 

Should meiarabic acid (§ 195) and legumin be extracted together, 
a total estimation must first be made, and the nitrogen then de- 
termined in a part of the precipitate, from which the amount of 
legumin present can be calculated. 

A current of carbonic acid might be passed through the alkaline 
extract to ascertain whether globulin (vitellin, myosin) can be thus 
precipitated (§ 93) ; should this prove to be the case, it might be 

^ Compare Ritthausen, loc. cU, 144. 

* Beitr. z. KenDtmss d. thier. und pflanz. Eiweiaskorper. Diss. 1877. 

'The substances here referred to agree in most of their properties, but 
exhibit certain differences ; thus, glutencasein contains more sulphur, and is 
more easily soluble in acetic acid than legumin. Ritthausen advocates the 
use of the word 'casein' as a group-designation. 
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rapidly filtered oflF with the help of a filter-pump, washed with 40 
to 50 per cent spirit, finally with absolute alcohol and with ether, 
dried and weighed. 

§ 227. Isolation of Vitdlin^ etc, — ^Grains of vitellin^ (aleurone, etc.) 
may be frequently isolated from substances containing them in 
large quantities, by a process of elutriation with olive oil,^ or a 
mixture of oil and petroleum spirit^ Freed from oil with 
petroleum spirit, vitellin dissolves in water at 30" to 40°, and can 
be precipitated from such a solution by a current of carbonic acid. 
To obtain it in crystals the precipitate is digested with calcined 
magnesia at 35^ filtered whilst warm and cooled. Schmiedeberg 
considers these crystalloids, as well as aleurone itself, to be 
compounds of vitellin with alkalies or alkaline earths. The 
crystals are doubly refracting. 

§ 228. Separation of VUdlin from Myosin, — According to Weyl,* 
vegetable vitellin may be distinguished from vegetable myosin by 
requiring, in a solution containing 10 per cent of common salt^ a 
temperature of 75" for coagulation, whilst myosin coagulates at 
*55" to 60°. The latter, which has also been found in potatoes, 
passes into solution when the residue, after treatment with water, 
is macerated with 10 per cent solution of salt. Small pieces of 
rock-salt suspended in such a solution (previously neutralized with 
carbonate of soda) cause the gradual precipitation of the myosin, 
which, however, can be redissolved by the addition of a little 
water. Myosin may be separated from vitellin by diluting the 
solution largely with water, precipitating both with carbonic acid, 
dissolving in dilute salt-solution and coagulating at the tempera- 
ture stated. 

§ 229. Estimation. — Experiments made by Liborius,^ Girgen- 
sohn,^ and Taraskewicz,^ have shown that the albumen of blood- 
serum, eggs, etc., can be estimated with tolerable accuracy by 

' A similar substance occurs in the seeds of Pinus cembra. See Schuppe, 
Pbarm. Zeitschr. f. Kuasland, 520, 1880. 

^ Compare Maschke, Chem. Centralblatt, 864, 1858, and Sachsse, ibid. 583, 
1876 (Joura. Chem. Soc. xxxii. 200). 

' Compare Schmiedeberg, Zeitschr. f. phys. Chem. i. 206 ; Ritthausen, 
Archiv f. die ges. Phys. xvi. 301 (Joum. Chem. Soc. xxxiv. 518). 

* Loc. cU. 

^ 'Beitr. z. quant. Eiweissbest. Diss. Dorpat, 1870. 

' ' Beitr. z. Albuminometrie und z. Kenntniss d. Tannlnverb. d. Albuminate. 
Diss. Dorpat, 1872. 

7 Einige Methoden z. Werthbest d. Milch. Diss. Dorpat, 1873. 
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means of the tannin reagent mentioned in § 95, and Cramer- 
Dolmatow has found that extracts from one and the same plant 
yield concordant results when titrated with the same reagent It 
must be left, however, for further experiments to show what veget- 
able albuminoids can be estimated in this way. 

§ 230. Estimation continued, — A gravimetric estimation xoith tannin 
will generally 3aeld higher results than can be obtained by coa^^n- 
lation (§ 94). The source of the difference is to be looked for 
partly in the deficiencies of the latter method, and partly in 
the fact that a number of albuminous substances soluble in 
water are not coagulated by boiling with dilute acetic acid, but 
are nevertheless precipitated by tannin. For this reason the 
results obtained by the tannin-method will generally agree better 
with those yielded by precipitation with alcohol. Nevertheless, 
I do not recommend the omission of the estimation by coagulation, 
for if the difference is considerable, that is, if the estimation by the 
tannin-method yields much higher results than that by coagula- 
tion, it proves that another albuminous substance is present, which 
is not coagulated by boiling. It is only when the difference is 
small that the presence of vegetable albumen alone may be in- 
ferred ; it may then be estimated by precipitation by tannin. 

To render the coagulation-test as reliable as possible, I have 
recommended chloride of sodium to be added, and the precipitate 
to be washed, first with boiling water, and subsequently with 
dilute spirit. If the chloride of sodium is omitted the precipita- 
tion is generally less complete, and prolonged washing, especially 
with cold water, is liable to redissolve part of the albumen. 

Ferments, — Simultaneously with the albumen a number of other 
substances may be partially or wholly precipitated, which, although 
agreeing with albumen in many respects, have been too little 
investigated from a chemical point of view to justify their being 
classed straightway as albuminoids. I refer to the so-called fer- 
ments. Like albumen, they contain nitrogen, and are precipitated by 
strong alcohol, etc. ; most of them, probably, are coagulated like, 
or together with, albumen when boiled in aqueous solution. They 
are distinguished from albunten by their fermentative action, which 
evinces itself in various ways. Diastase, lik? saliva, converts 
starch into sugar, whilst invertin changes saccharose into invert- 
sugar. Vegetable ferments allied to pepsin (papayotin) peptonize 
albumen. Myrosin decomposes myronic acid, emulsin amygdalin ; 
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but emulsin does not attack myronic acid, nor does invertin 
convert starch into maltose and dextrin, etc It is easy, there- 
fore, to detect diastajse in malt, invertin in yeast, emulsin in 
almonds, etc., the presence of which is aniieipated. The liquefaction 
of starch-paste, the conversion of cane-sugar into invert-sugar, the 
development of hydrocyanic acid and oil of bitter almonds, are 
changes so striking and so promptly effected, that the qualitative 
detection of the ferments producing them leaves nothing to be 
desired. But the varied natiire of the ferments themselves and 
of their action renders it exceedingly difficult to detect them in 
vegetable substances that have not previously been examined, as 
a general reagent applicable in such a case is yet unknown. It 
must be admitted that attention has been drawn to the fact that 
the ferments liberate oxygen from an aqueous solution of peroxide 
of hydrogen, to which a little tincture of guaiacum has been 
added, and thus produce a blue colouration of the mixture. But 
it is hardly to be expected that this property should be shared by 
all ferments, or that it should be peculiar to them alone. 

§ 231. Estimation of total Albumen, — The total albumen soluble 
in water can be estimated by means of acetate of copper, provided 
that no tannin or other substance precipitated by the same reagent 
is present in solution. The precipitate produced by an excess of 
the acetate is filtered off*, dried, weighed, and ignited, the resulting 
oxide of copper being deducted.^ 

If other substances are thrown down with the albumen the 
nitrogen in the precipitate may be determined, and from that the 
albumen present calculated. Eitthausen ^ and Taraskewicz ' have 
proved experimentally that the precipitate contains the whole of 
the albumen, casein, etc. 

§ 232. Estimation continued. — Sestini ^ considers it advisable to 
precipitate with acetate of lead. In cases in which other nitro- 

^ In some instanoes it is necessary to add a considerable excess for complete 
precipitation of the albumen. In an experiment made by Taraskewicz with 
casein, 1 gram of oxide of copper (in the form of acetate) was found to pre* 
cipitate 4 '19 gram of casein; but for complete precipitation an amount of 
acetate corresponding to 4*55 grams of oxide had to be added. 

^ Loc. cU, 34, etc. ; Ritthausen and Settegast, Archiv f. d. ges. Phys. xvi. 
293, 1877. See also Momer, Upsala Lakareforen. Forhandl. xii 475, 1877 ; 
Fassbender, Ber. d. d. chem. Ges. xiiL 1818, 1880 (Joum. Chem. Soc. xl. 
205). 

• Loc. cU. 

* Landwirthsch. Versuchsst. xx. 305, 1878 (Joum. Chem. Soc. xxxiv. 740). 
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genous substances accompany the albumen in aqueous solution he 
advises the detennination first of the total nitrogen ; a part of the 
original substance is then to be boiled with water for an hour, 
made distinctly acid with lactic acid, mixed with acetate of 
lead, and filtered ; the insoluble residue is dried and the nitrogen 
in it estimated. He thus assumes that all the nitrogen not 
present in the form of albuminoids passes into aqueous solution, 
and the nitrogen in the insoluble residue after precipitation with 
lead indicates the total albumen, both soluble and insoluble. 

In addition to the foregoing precipitants, some of the group 
reagents for alkaloids — phosphomolybdic, phosphotungstic acid, 
potassiomercuric iodide, etc. — also throw down albuminous sub- 
stances (§ 63). Phosphotungstic acid precipitates peptones^ and 
might therefore be used for their estimation in vegetable infusions 
previously freed from albuminous substances by coagulation or 
precipitation with lead.^ 

^ See Schalze and Barbieri, Landwirthsch. Yeniuchsst. xxvi. 213, 230, 234, 
1881 (Journ. Chem. Soc. xl. 312) ; Chem. Gentralblatt, 714, 731, 747, 761, 
1881 ; Defresnu, Repeit. de Pharm. viii. 453, 1881 ; HofmeUter, Zeitschr. f. 
phys. Chem. iv. 253, 1880. 

From the results recently obtained by Schulze and Barbieri, it appears pro- 
bable that peptones are of far more frequent occurrence than could have been 
'anticipated. As plants contain peptonizing ferments, the possibility must not 
be ignored of peptones being produced during the preparation of aqueous infu- 
sions ; they are also occasionally found ready formed in plants. The following 
are the more important properties of peptones : They yield with water solutions 
from which they are precipitated by alcohol, and redissolved by the addition 
of water. Estimation, however, by precipitation with alcohol is said to yield 
unsatisfactory results. In aqueous solution they are not coagulated by warm- 
ing, nor are they thrown down by nitric acid, alum, f errocyanide of potassium, 
or acetate of lead, but they are precipitated by tannin ; and in the presence of 
neutral salts (sulphate of magnesia, etc.) the separation is often very complete. 
Peptones are precipitated, as above stated, by phosphotungstic acid, and this 
takes place in an acetic acid solution ; a property that enables us to separate 
them from other nitrogenous substances thrown down by the same reagent 
from solutions containing a mineral acid. The most important reaction of 
peptones is the so>caUed biuret reaction. An aqueous solution of a peptone 
assumes a pure red colour on the addition of caustic soda and very dilute 
solution of sulphate of copper (avoiding excess) ; Fehling's solution produces 
the same effect. The following might temporarily be recommended as a 
suitable method for the detection of peptones : The (fresh) material to be 
examined is triturated with sand and water, strained, washed with water and 
pressed. The liquors are united, acidified with acetic acid, warmed and 
filtered from the coagulum. From the filtrate any albuminoids remaining in 
solution are precipitated by the addition of aceti^te of lead, or, better, by warm- 
ing with basic acetate and hydrate of lead, and filtered off. The dear liquid 
is then rendered strongly acid with sulphuric acid, and the peptone precipitated 
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Precipitation by phenol and calculation from the nitrogen 
contained in the precipitate has been recommended by Church ^ for 
the estimation of the albuminoids in vegetable infusions, in the 
presence of amides, etc. 

My ex])erience in precipitating albumen, etc., with phenol 
compels me to doubt the possibility of always obtaining complete 
separation by this means. Sestini has also expressed himself to 
the same effect. 

§ 233. Extraction with Dilute Acid, — It has already been observed 
that the residue of a vegetable substance, after exhaustion with 
water, yields albuminous substances to dilute alkali. The same is 
the case with dilute acid (2 12 per cent HCl), the substances 
extracted being gluten, fibrin (§ 235), gliadin, mucedin, etc. But 
the albuminoids brought into solution by these two solvents do 
not appear to be always identical ; at least Wagner found that 
the amount removed by dilute alkali (after exhaustion of the 
material with water) did not coincide with that extracted by acid. 
(Compare also ^111, 106). It might nevertheless in many 
cases be desirable to ascertain to what extent the substances allied 
to albumen resist the action of water, dilute alkali (cf. § 226) and 
dilute acid respectively. 

In estimating the value of certain vegetable substances as foods, 
it will often be found desirable to determine what proportion of 
proteids are dissolved by the combined action of pepsin and 
hydrochloric acid after the material has been exhausted with water. 

From experiments that have been made in this direction it 
would appear that hydrochloric acid and pepsin dissolve more than 
the former alone.^ In making such estimations I should recommend 
100 cc. of water, 1 gram of 33 per cent, hydrochloric acid, and Ol 

by phosphotungstic acid. The precipitate is filtered off as rapidly as possible, 
washed with 5 per cent, sulphuric acid and transferred whilst stiU moist to a 
mortar. It is then triturated with excess of hydrate of baryta, warmed for 
a short time and filtered. If the filtrate is colourless, the biuret-test can be 
applied ; if yellow, it can frequently be decolourized by adding a little acetate 
of lead, and filtering off from the precipitate thus produced. Animal charcoal 
should not be used, as it absorbs peptone. Schulze and Barbieri, who pro- 
posed the foregoing method, have obtained approximate quantitative results 
colorimetrically. 

^ Landwirthsch. Yersuchsst. xxvi. 193 (Joum. Chem. Soc. xxxviii. 588). 
See also Sestini, loc cU. 

3 See Kessler, Versuche Uber die Wirkung des Pepsins auf einige animaU 
u. vegetab. NahrungsmitteL Diss. Dorpat, 1880. 
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of good pepsin to be taken for every 2 grams of finely powdered 
substanca Starch, if present in large quantity, might with 
advantage be previously converted into maltose and dextrin by 
boiling, cooling to 40°, and digesting for four hours at that 
temperature, after adding 0'005 gram of active diastase. 

§ 234. Extraction with Spirit, — Some of the albuminoids in- 
soluble in water attract our attention by their solubUUy in spirity 
as, for instance, those known as gltUenfibriUy gliadin (or vegetable 
gelatine), and mucedin. In seeds only have these three substances 
been detected with certainty ; they remain undissolved when the 
material containing them is treated with .water, or, at most, the 
mucedin alone is partially taken into solution. They would be 
removed, however, by the dilute alkali used for the extraction of 
the glutencasem (§ 226), and it is advisable therefore, in looking 
for these substances, to treat the material with spirit previously 
to extracting the glutencasem with alkali. Part, however, of the 
glutenfibrin and a little gliadin would be left undissolved, and would 
be subsequently found with the casein (§ 226). The spirit should 
be used cold, and should be of a strength of about 60 to 80 per 
cent The maceration must extend over a considerable period, 
and the spirit be renewed several times. The united extracts are 
distilled until the strength of the spirit is reduced to 40 to 50 per 
cent (not less). On cooling, a clear slimy mass separates, con- 
sisting principally of glutenfibrin mixed with a few flocks of gluten- 
casein and possibly fat (which is, however, better removed by 
petroleum spirit before treating with alcohol). If the majority of 
the spirit is distilled off from the clear liquor a second precipitate 
will form, consisting principally of gliadin and mucedin^ and a 
further quantity of the same two substances (impure) can be ob- 
tained by neutralizing the filtrate with a little potash and con- 
centrating. 

All these precipitates are triturated with absolute alcohol until 
they become hard and solid. ^ Fat, if present, is removed by 
treatment with ether. 

We are as yet unacquainted with any method of separating the 
glutenfibrin, gliadin, or mucedin for quantitative determination. 
We must therefore content ourselves with making a total estima- 

^ The spirit diflsolves a little glutei\fibrinf which can sabflequenUy be precipi- 
tated by ether. 
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tion, and applying a few qualitatiye tests to show the presence of 
one or more of the substances referred to. 

§ 235. Properties : Olutenjibrin, — Glutenfibrin is insoluble in 
water and in absolute alcohol, but dissolves easily in warm 30 to 
70 per cent spirit^ separating again on cooling.^ It is also taken 
up by cold 80 to 90 per cent, spirit Prolonged boiling with 
water converts it into a gelatinous substance insoluble in spirit, 
acids, or alkalies. Glutenfibrin dissolves with facility in cold 
dilute acids (acetic, citric, tartaric, hydrochloric), and in alkalies ; 
with ammonia, lime- and baryta- water it gelatinizes. It is pre- 
cipitated from both acid and alkaline solutions on neutralizing, 
and is also thrown down by acetate of copper.^ 

Oliadin is characterized by its tough, slimy consistency. It is 
sparingly soluble in cold water ; a considerable quantity dissolves 
on boiling, but» like glutenfibrin, it undergoes simultaneously 
a partial decomposition. Gliadin is insoluble in absolute 
alcohol, but dissolves in 60 to 70 per cent spirit, both cold and 
warm (especially freely in the latter). In general it resembles 
glutencaseln in its behaviour to dilute alkalies and acids, but 
ammonia, lime- and baryta- water dissolve it. Boiled with con- 
centrated hydrochloric acid it 3delds a bluish-brown solution. It 
is precipitated by acetate of copper, but not by mercuric chloride. 
Attention has already been directed (§ 224) to the high percentage 
of nitrogen in gliadin. 

Mucedin is far less tough and elastic than gliadin, and is more 
easily soluble in 60 to 70 per cent spirit It is precipitated from 
a cold solution by 90 to 95 per cent spirit in flocks or friable 
masses (solutions of gliadin become milky) ; stirred up with water 
it yields a cloudy mucilaginous liquid, which clears again on 
standing ; but, if warmed, the aqueous solution becomes cloudy 
and remains so for a considerable period, till finally a flocky mass 
separates which is only partially soluble in acetic acid and spirit 



^ On concentrating such solntions the glutenfibrin foims a skin on the sur- 
face of the Uquids, which dissolves again on stirring. Gliadin and mucedin 
do not exhibit this peculiarity. 

' Glutenfibrin agrees with maize-fibrin in most of its properties ; the lat^r 
contains only 16 '5 (instead of 16*9) per cent, of nitrogen, and is insoluble, or 
only partially dissolved, by dilute acetic, citric, tartaric and oxalic adds. 
Zander has recently reported on another albuminous substance soluble in 
spirit ('Chemisches fiber die Samen dee Xanthium Strumarium.' Diss. 
Doipat, 1881). 
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In its other properties it agrees fairly well with gliadin. (Compare 
also § 237.) 

§ 236. Gluten, — Glulericastin, gltUenfibrin, gliadin, and mticedin are 
the principal constituents of the so-called gluten which possesses 
such importance as a food. An estimation of total gluten is 
generally made by rubbing down 10 to 20 grams of the meal to 
a paste with water, transferring to a fine linen cloth, and washing 
with distilled or rain-water until the washings, on standing, dex>06it 
only traces of starch. The mass is then pressed, scraped from 
the cloth, and dried on watch-glasses, finally at a temperature of 
115"* to 120*" ; it should then be powdered and dried again until 
the weight is constant In this method of estimating gluten it 
will be found advantageous to add a weighed quantity (1 to 
2 grams) of purified bran, the weight of which is afterwards, of 
course, to be deducted from that of the total gluten.^ 

According to Benard and Girardin,^ the amount of gluten found 
varies if the mixture is allowed to stand before washing with 
water. It would be advisable to begin washing about three hours 
after mixing the meal with water. 

§ 237. Substances dissolved by DUute Alkali, not precipitated by 
Acid and Spirit. — In estimating metarabic acid and albuminous 
substances sparingly soluble in water, as directed in §§ 103 and 206, 
it will not unfrequently be observed that the total substances ex- 
tracted by dilute alkali are considerably in excess of those pre- 
cipitated by acid and alcohol A part of the former, therefore, 
must stiU remain in solution, and wiU be recovered, together with 
acetate of sodium, by evaporating the filtrate (§ 107). We may 
expect to find here the constituents of gluten (including gliadin) and 
products of their decomposition. After distilling off the majority 
of the spirit, they might be precipitated with acetate of copper, 
and estimated as directed in § 231. 

The substances not precipitated by this reagent are probably 
allied to, or derived from, vegetable mucilage; they may be 
estimated by removing the excess of copper with sulphuretted 
hydrogen, evaporating to dryness and weighing, deducting the 
acetate of soda present 

With regard to the latter, I may observe that it cannot be cal- 
culated from the amount of soda used, but must be estimated by 

1 Ck>]npftre Archiv d. Pharm. cxct. 47, 1871. 

s Joum. de Pharm. et de Chim. [5], iv. 127, 1881. 

16—2 
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incinerating a portion of the dried residue, and calculating from 
the carbonate o{ soda in the asL In many analyses made in my 
laboratory, the amount of soda in solution has been found to be 
much smaller than was expected from calculation ; part of it was 
evidently retained in the insoluble residue. 

§ 238. Other NUrogenous Substances, — We possess hardly any 
knowledge at all of the nitrogenous substances that are not dis- 
solved by watery alcohol^ or alkali I have already stated (§ 234) that 
they may sometimes be extracted by hydrochloric acid and pepsin, 
but Trefi&ier's researches on the chemical composition of the 
mosses, alluded to in § 106, prove that this is not always the case. 
I will here only remark that, in estimating the nutritive value of 
a plant) such substances cannot^ without further consideration, be 
c<msidered as albuminoids. 

AMINES AND THEIR COMPOITNDS. 

§ 239. MofuxmiTies. — ^According to A. W. Hofmann, monamines 
may be distinguished from other amines by means of the isonitrile^ 
reaction, as the latter do not evolve the characteristic odour of 
that compound when warmed with alcoholic potash and chloro- 
form. 

Another reaction for monamines consists in warming an alcoholic 
solution with bisulphide of carbon, by which a sulphocarbamide of 
the base is produced. This compound, when heated with an 
aqueous solution of mercuric chloride (not in excess) develops an 
odour of oil of mustard.^ 

§ 240. For the serration of ethylamine from diethyl- and triethyl- 
amine by means of anhydrous ethyloxalate, see A. W. Hofmann '^ 
the author subsequently availed himself of the method in separ- 
ating the methyl bases. Carey Lea^ recommends picric acid for 
the ethyl bases. 

In Hofmann's method the ethylamine is converted into diethyl- 
oxamide, which can be recrystallized from water, and yields 
ethylamine by distillation with potash. 

Diethylamne yields under the same conditions oily ethylic di- 
eihyloxamate, which can be purified by distillation (boils at 260**), 
and converted by potash into diethylamine. 

^ Ber. d. d. chem. Ges. iii. 767, 1870. 

3 Joum. f. pract. Chem. Ixxxiii. 191, 1861 ; Goxnptes renduB, Iv. 749, 1862. 

> Chem. Centralblatt, 76, 1863. 
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Triethylamine is not attacked by ethylio oxalate, and can be 
aeparated from diethyloxamlde and ethylio diethyloxamate by 
difltillation (B.P. 91*). 

The three con-eeponding methyl bases behave in an exactly 
similar manner. Trimeihylainme boils at 4° to 6° and can easily be 
separated from the crystalline metkyletkyloxamide and the liquid 
ethylic dimethyloxamate (B.P. 240° to 250°) by distillation. 

§ 241. Estimaiitm. — Sachfise and Kormann ^ have pnbliahed a 
method for the approximate estimation of amides, based upon their 
decomposition by nitrous acid with liberation of nitrogen ; the 



Fig. 10. 

latter gas ts collected and measured, and from it the an 
amide originally present is calculated. 

The apparatus used for the estimation is shown in Figs. H 
The generating vessel A is of about 60 to 60 cc. capac: 
closed with an indiarubber cork bored with three holes ; 
these there pass two funnel-tabes, a and b, and a bent 
tube c, to which is attached, by means of a long indiarubl 

. Cbem. Soo. xx' 
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a cmred gUas point d. About 6 cc of a concentnted aqneons 
solution of nitrite of potawium (free bom carbonate), blether 
witli aearlf an equal quantity of water, is introduced into the 
generating veaseL The lower parte of the funnel-tubes, that is 
up to a little above the tap, say about e, are also filled with water, 
so as to displace the atmospheric air. Dilute sulphuric acid is 
now poured into one funnel, and a weighed quantitf of &e amide 
diteolved in wat«r into the other, taking care vet lo aUato <a^ 
bubbles of air to adhere to the sides. 



Fig. 11. 
The atmospheric air in the apparatus has now to be dieplaced, 
and this is effected by ronning sulphuric acid, little by little, into the 
nitrite solution, by which nitroue acid and nitric oxide are evolved. 
To ascertain if the displacement is complete, 6 to 10 c& of the gas 
horn the generating vessel are allowed to pass into the measuring 
tube (Fig. 11) previously filled with solution of ferrous sulphate. 
Not more than 01 cc should remain unabsorbed. Fresh iron- 
aolution may be introduced, if necessary, from the flask B, as sub- 
sequently described. The apparatus is now ready for the com- 
mencement of the actual experiment. The measuring-tube, stand- 
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ing in a pneumatic trough, should be capable of holding 50 to 60 
cc., and be graduated to 0*2 cc. It is filled with the iron-solution 
contained in B by opening the clip h and blowing through the 
shorter bent tube in B ; by this means the solution can be run into 
the pneumatic trough ; on opening / and sucking at g the solution* 
rises in the tube until it reaches and passes/, which should then 
be closed. 

After replacing the clip hy the bent point d is introduced under 
the measuring tube and the solution of the amide allowed to run 
from the second funnel-tube into the generating vessel, rinsing with 
a little water, but keeping the tube from e downwards full of 
liquid. Small quantities of sulphuric acid are allowed to run into 
the generating vessel from time to time, when the evolution of gas 
becomes sluggish, taking care that the measuring-tube always 
contains sufficient strong solution of ferrous sulphate ; this can be 
ensured by frequently opening the clip h and allowing the solution 
from B to run into the measuring-tube. The end of the decom- 
position is recognised by the liquid in A assuming a permanent 
blue colour from excess of nitrous acid. The remainder of the gas 
is then driven out by filling the entire apparatus with water 
through the second funnel-tube until it flows into the measuring- 
tube through d. The delivery-tube is now removed, and the 
whole of the nitric oxide absorbed by the introduction of fresh 
iron-solution. After closing the clip &, the -delivery-tube from B 
is drawn out of the measuring-tube, and the latter transferred to a 
deep cylinder, where the iron-solution is removed as far as possible 
and replaced by caustic soda to absorb carbonic acid. When this 
has been effected, the measuring-tube is lowered in the cylinder 
untU both liquids have the same level The volume of gas is now 
read off, reduced to 0"* and from it the amount of amide originally 
present calculated, deducting 1 cc. as unavoidable error caused by 
the atmospheric air mixed with the nitrogen ; 28 parts by weight 
of nitrogen indicate 150 of crystallized asparagine, 131 of leucine, 
and 181 of tyrosine. (^ 191, 192). 

§ 242. Amidic Acids. — The amidic acids referred to in§ 101 are 
freely soluble in water and 50 per cent, spirit, requiring consider- 
able quantities of strong alcohol for precipitation, so that in this 
respect they resemble such substances as dextrin, levulin, eta 
They are precipitated therefore with, or in the place of, dextrin 
and the like, but differ from these bodies in containing nitrogen. 
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The precipitate obtained as dextrin (c£. g 76, 198, 199) must be 
tested for nitrogen, and if much is found, experiments must be 
made to ascertain whether any one of the following substances 
is present It may sometimes be approximately estimated, 
if found, by mixing the aqueous solution with alcohol till 
it contains about 50 to 60 per cent, filtering, evaporating the 
filtrate to a sjrrupy consistence, and now precipitating with 5 to 
6 volumes of absolute alcohol From the amount of nitrogen in the 
precipitate the quantity of amidic acid present may be calculated. 

CcUhaiiie Acid occurs in senna, in the bark of Rhamnus f rangula^ 
and probably also in rhubarb.^ It is a glucoside, yielding by its 
decomposition sparingly soluble cathartogenic acid and 34*1 per 
cent of glucose. According to Kubly, cathartic acid^ contains 
1*48 to 1*51 per cent of nitrogen, cathartogenic acid 2*46 per 
cent The latter is easily produced by heating an aqueous solu- 
tion of cathartic acid with access of air ; in fact, that substance 
decomposes with great facility in the presence of bases and air. 
In senna and rhubarb it is contained chiefly in combination with 
bases (the alcohol precipitate containing 4 to 5 per cent of ash) ; 
but in Ehamnus frangula it appears to occur, partly at least, in 
the free stata It is a strong puigativa 

Husson' estimates the quality of a rhubarb by ascertaining 
the amount of iodine an infusion is capable of absorbing; but 
Greenish^ has shown that this method does not yield reliable 
results. 

Sclerotic Acid^ is a constituent of ergot, and contains about 4*2 
per cent of nitrogen, but no sulphur ; its activity is not destroyed 
by acids, etc., if in contact with them for a short period only. In 
solubility it resembles cathartic acid. Its action, when injected 
subcutaneously into frogs and other animals, is that of a powerful 

^ Compare Knbly, * Ueber das wirksame Prinoip nnd einige andere Best 
d. Sennesblatter,' Diss. Dorpat, 1865, and Phann. Zeitschr. f. Eussland, iv. 
429, 465. On BJiamnus frangnla, see also Pharm. Zeitschr. f. Russland, v. 160, 
1866. On rhubarb, ibid. vi. 608, 1867 ; xvii. 65, 97, 1878 (Pharm. Joum. and 
Trans. [8], ix. 818, 983, 1879). 

' Probably also sulphur ; cathartic acid from Khamnus frangula bark con- 
tains less nitrogen. 

* Union Pharm. 99, 1875 (Tear-book Pharm. 844, 1875). 

^ Pharm. Joum. and Trans. [8], iz. 818. 

' Compare Dragendorff and Podwissotzki, Archiv f. exper. Patholog. und 
Pharm. 158, 1876 ; Sitz-Ber. d. Dorpater Naturf. Ges. 109, 892, 1877 (Pharm. 
Joum. and Trans. [8], vi. 1001). 
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poison.^ It is precipitated by tazmin and basic acetate of lead, 
and from concentrated solutions also by chlorine-water and 
phenoL It does not share with albuminoids the reactions men- 
tioned in § 92. 

On keeping ergot for any length of time, part of the sclerotic 
acid appears to be converted into an allied substance containing 
6*6 per cent of nitrogen, which has been named sderorrmdn. It 
can be extracted with warm water, but requires less alcohol for pre- 
cipitation than sclerotic acid. Diffused in water whilst still moist, it 
forms a mucilaginous liquid ; but once dried, it is not dissolved by 
cold water, and not with facility by warm. It resembles sclerotic 
acid in its action and other properties. 

STARCH, IIGHENIN, WOOD-GUM, ETa 

§ 243. Starch. — Starch is not, as is well known, a homogeneous 
substance, but it is nevertheless usual, and veiy properly so, to 
estimate the whole of the carbohydrates of which it is composed 
as directed in ^ 113 to 115. Formerly three principal con- 
stituents of starch were generally distinguished : first, one striking 
a blue colour with iodine, and passing into solution when 
starch is triturated with powdered glass and water — solvbU starch, 
amididin, t amylon (B^champ) ; secondly, a substance character- 
ized by its insolubility in cold water, solubility in saliva^ etc., and 
by the blue colouration it yields with iodine, granuloses the prin- 
cipal constituent of all starch ; and thirdly, ceUtdose, which, in the 
form of a membrane, gives to the starch grain its particular shape^ 
is coloured yeUow by iodine (after boiling with water, violet), and 
is converted by chloride of zinc into a substance that is tinged 
blue by the same reagent. 

Some years ago Nageli^ stated that in his opinion there ex- 
isted two different modifications of amylon, which he called blue 

^ From 0*08 to 0*04 gram produces in frogs a swelling of the skin and almost 
complete paralysis, commencing at the hinder extremities. Irritants produce 
no effect, and indeed the animal gives no other sign of life than an occasional 
feeble contraction of the heart. Although its condition may appear to improve 
in the course of five to seven days, it sometimes succumbs to a relapse. 

^ AnnaL d. Chem. und Pharm. clxxiii. 218, 1874 (Joum. Chem. Soc. zxviiL 
55. See also Musculus, Annal. de ohim. et de Fhys. IL 385, 1874 (Pharm. 
Joum. and Trans. [8], v. 8) ; Musculus and Gmber, Joum. de Pharm. et de 
Chim. zxviii. 308, 1878 (Joum. Chem. Soc. xxziv. 778) ; Bondonneau, Report, 
de Pharm. iii. 231, 1875 (Joum. Chem. Soc. xxiz. 365) ; Joum. de Pharm. et 
de Chim. xxiii. 34, 1874 ; B^hamp, ibid. 141. 
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and yeUoWj according to the colour they yielded with iodine. 
These two were connected by intermediate modifications striking 
violet^ reddish and reddish yellow colours with iodine, differences 
which are probably referable to variations in the density. In accord- 
ance with this theory the several modifications vary in the resistance 
they offer to solvents and chemical agents. As the blue modification 
is the most easily attacked, it might be considered to be that of 
lowest density. It is followed by the violet, red, etc., in succes- 
sion up to the yellow, the densest form of which shows a great 
resemblance to cellulose. When starch is boiled the blue modifi- 
cation passes into solution, carrying with it a little of the yellow. 
If the former is removed by allowing it to decompose, the yellow 
modification separates out From a solution of the latter, pre- 
pared by prolonged boiling with water and concentrating, crystals 
of amyUhdextrin can be obtained, which are coloured yellow by 
iodine. 

The bodies above referred to occur in different proportions in 
the different varieties of starch, and the amount of either present 
might possibly be found to be characteristic of the starch under ex- 
amination. It mighty for instance, be ascertained by comparative 
experiments how long the action of an acid of certain strength 
must be continued before the blue or red colouration with iodine 
ceases to be produced. For the isolation of the yellow modification, 
formerly called ceUulosey y amylan (B^champ), I have reconunended 
digestion at a temperature not exceeding GO"", with 40 parts of a 
saturated solution of chloride of sodium containing 1 per cent of 
hydrochloric acid, and washing with water and dilute spirit I 
have thus obtained 3*4 per cent from arrowroot^ 2*3 per cent 
from wheat-starch, and 5 '7 per cent from potato-starch. 

§ 244. HydroceUtdose. — A blue colouration of the ceU-tDoll is fre- 
quently noticed when sections of vegetable substances are moistened 
with iodine water. It was probably this reaction that gave rise to 
the theoiy that a modification of cellulose could occur striking a 
blue colour with iodine. 

I do not concur in this view ; in fact, I am convinced that in 
such cases the cell-wall in question contains besides cellulose, which 
is characterized by its power of resisting the action of chlorate 
of potash and nitric acid, other carbohydrates (amyloid), probably, 
at least m part, of the composition C^j^ 22^11 > agreeing therefore 
in this respect with arable acid, pararabin, etc Whether these 



§§ 244, 245. LICEEN-STARCH, UCHENIN. 251 

carbohydrates are hydrocelltdoses, such as are formed from celltdose 
by the action of concentrated sulphuric acid or chloride of zinc, is 
a matter for further inquiry. If the treatment with the above 
oxidizing mixture of chlorate of potash and nitric acid (§ 119) is 
continued long enough, such substances are always destroyed. 
Some of them are soluble in boiling water. This is the case 
with one contained in the asci of certain lichens (Cetraria), etc., 
from which it is extracted, together with lichenin, by boiling 
with water ; hence the erroneous idea that the lichenin itself was 
coloured blue by iodine.^ 

Berg's researches have shown that if a decoction of the lichenin 
be allowed to gelatinize by cooling, cut into pieces and 
macerated in distilled water, the whole of the substance that 
strikes a blue colour with iodine passes into solution, from which 
it can be isolated by precipitation with alcohol, although impure 
and not free from asL After drying it is to a great extent in- 
soluble in water, and is conyerted into sugar by boiling with dilute 
hydrochloric acid (4 per cent of acid of sp. gr. 112) for a period 
of two hours, a change which is not effected by pure water. The 
glucose produced is dextro-rotatory, and as the decomposition takes 
place tolerably smoothly, the amount of the substance, which we 
may temporarily call Hchen-siarch, can be determined by estimating 
the sugar thus formed. Lichen-starch dissolves tolerably easily in 
ammonia of sp. gr. 0*96, and is precipitated from this solution by 
spirit It appears to be more difficultly soluble in dilute alkalies^ 
and is not converted into sugar by diastase or saliva. 

§ 245. Lichenin, — Lichenin is characterized by its property of 
gelatinizing, which is exhibited by a solution containing 1 in 60. 
It is insoluble in cold water, alcohol, and ether ; boiling water 
dissolves it, as do also ammonio-sulphate of copper and concen- 
trated (20 to 30 per cent.) potasL From its solution in strong 
potash it can be precipitated by alcohol in the form of a potas- 
sium-compound containing up to 10 per cent, of alkali. Concen- 
trated hydrochloric acid also dissolves it, but with simultaneous 
(partial) decomposition. When boiled with dilute acid it is 
converted with even more facility than lichen-starch into a dextro- 

^ Compare Berg, ' Zur Kenntniss des in Cetraria ialandica vork. lachenins 
nnd iodUauenden Stoffss/ Diss. Dorpat, 1872. From Berg's experiments it 
would appear that the formula CsH^oOq would indicate the composition of 
lichen-starch better than CiJS^On ; the same is true of lichenin. 
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rotatory fermentable sugar, so that this method may be adopted 
for its estimation. Ammonia dissolves it with difficulty, and 
it undergoes but little change when heated with potash in 
sealed tubes (§ 115). 

Odose^ the gelatinizing constituent of many algsB, agrees with 
lichenin in most of its properties, but is insoluble in ammonio- 
sulphate of copper, and is less easily converted into sugar. By 
decomposition with dilute acids, arabinose (lactose) is produced in 
place of the glucose yielded by lichenin. The gelose appears to 
be accompanied, at least in SphsBrococcus lichenoides, by a carbo- 
hydrate^ soluble in dilute hydrochloric acid, but differing from 
pararabin (§ 112) in yielding glucose when boiled with an acid. 

§ 246. Woodrgurtk — ^Thomsen* found that when ligneous tissue, 
previously exhausted with water, spirit^ and very dilute alkali, 
was macerated with caustic soda of sp. gr. 1*1, a substance was ex- 
tracted, the composition of which he ascertained to be G^H^QOg, 
and which he named wood-gum. It can be isolated from its 
solution in soda by acidifying and adding alcohol. When once 
dried, cold water will not redissolve it ; this is, however, effected 
by boiling. It is precipitated by basic acetate of lead, is converted 
into glucose by boiling with a dilute acid, and is not coloured blue 
by iodine. An alkaline solution is Isevo-rotatory. It differs 
from lichenin in not possessing the power of gelatinizing, from 
metarabin in not being dissolved (when dry) by O'l per cent 
solution of soda. 

A similar substance was obtained by Pfeil^ from parenchymatous 
tissue (agreeing, however, in composition better with the formula 
C12H22O1J, a hydrocellulose), by Treffner from mosses, and by 
Greenish from algse. 

CELLULOSES, LIGNIN, AND ALLIED SUBSTANCES. 

§ 247. Celluloses^ etc, — Fr^my and TerreiP assume that woody 
tissue is chiefly composed of three different substances, which they 
distinguish as ceUulose, incrusting substance, and cuticular sub- 

^ Compare Morin and Porumbarn, Comptes renduB, xo. 924, 1081, 1880 
(Year-book Pharin. 120, 121, 1881). 

3 Greenish, Archiv d. Phann. [3], xx. 241. 

» Joum. f. pract. Chem. [2], xix. 146, 1879 (Year-book Pharm. 99, 1880). 

* Loc, cU. 

" Joum. de Pharm. et de Chim. viL 241, 1868. 
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stance. The first is said to be the only one capable of resisting 
the action of chlorine-water ; it can be isolated by the method 
detailed in § 116. The authors overlook the fact that several 
units per cent, of a substance probably isomeric with cellulose 
(? intercellular substance), removable by chlorate of potash and 
nitric acid, are left associated with the cellulose. 

The cuiicidar substance alone is said to be insoluble in a mixture 
of 1 eq. of sulphuric acid with 4 eq. of water ; it can be isolated 
by treatment with acid of that strength, followed by washing with 
pure water and dilute alkali 

The incrusting substances are estimated by difference. 

In a more recent publication, the authors observe that the 
following are the principal substances they would expect to find 
in tissue previously exhausted with indifferent solvents : 

Cdltdose^ soluble in ammonio-sulphate of copper. 

Paracellulose, insoluble in the same until after it has been acted 
upon by acids. 

MetacdMose (fungin) insoluble in ammonio-sulphate of copper. 

All thl'ee modifications of cellulose are soluble in HgSO^, 2H2O. 
(Compare also § 248). 

Vascdose^ insoluble in H^SO^ 2H2O, and in ammonio-sulphate 
of copper ; soluble in alkalies only under increased pressure, and 
decomposed by treatment with chlorine-water, followed by wash- 
ing with dilute alkalies. 

Cutose, insoluble in H2SO4, 2H2O, and in ammonio-sulphate of 
copper, but soluble in alkalies under the ordinary pressura 

Pedose, convertible by acids into soluble pectin.^ 

I would observe that the substance designated as vasculose 
(formerly called incrusting substance), agrees in the main with 
my lignin (§ 116). Lignin cannot, unfortunately, be separated 
from cellulose without decomposition, and it is therefore impos- 
sible to adduce direct proof that it does not consist of a mixture 
of several chemical individuals. Nevertheless, I think it probable 
that in some instances the cellulose is accompanied by a single 
definite substance, * lignin.^ Stackmann^ exhausted vegetable 
substances rich in lignin with the indifferent solvents already 
alluded to, as well as with dilute soda and dilute acid, and then 
determined the approximate composition of the lignin by making 

1 Comptes rendiu, Ixxziii. 1136. (Joum. Ghem. Soc. xzzi. 229). 

' ' Stadien Uber die ZusammensetKang d. Holzes.' Diss. Dorpat, 1878. 
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an ultimate analysis of the material that had been thus treated, 
both before and after the action of chlorine-water. Several varieties 
of wood jdelded tolerably concordant results. The lignin of 
dicotyledons appeared to contain between 53*1 and 59*6 per cent. 
of carbon, 4*4 and 6*3 per cent, of hydrogen, 34*1 and 38*9 per 
cent, of oxygen ; the majority of his results agree veiy well with 
Pr. SchulzeV (C = 55-5, H = 5-8, O = 38-6) ; but German wahiut 
and mahogany show a little variation, probably due to the larger 
amount of foreign substances they contain. All the dicotyledonous 
woods examined by Schulze and Stackmann must have contained 
at least one substance in notable quantity, viz. wood-gum, which 
was not discovered until after the publication of Stackmann's 
work. Experiments made by Schuppe,^ at my suggestion, showed 
that poplar wood contained 3*25 per cent of wood-gum, mahogany 
3*37, American walnut 4 '56, German walnut, 6 '32, oak 6*03, and 
alder 7*09. Deducting the wood-gum present, the average amount 
of lignin in the majority of woods is about 17 per cent, 
(mahogany 20*4), and its mean composition, 60'56 per cent. C, 
4*66 per cent H, and 34*80 per cent O. In this respect it ap- 
proaches catechin, many tannins and phlobaphenes, and agrees 
fairly well with the lignin of coniferous woods which contain no 
wood-gum. Stackmann found about the same quantity of lignin 
in the wood of g}'mnosperms as Schnppe did in that of angio- 
sperms, viz. 16 to 17 per cent. 

Koroll' found the lignin of sclerenchymatous tissue (hazel-nut, 
walnut) to contain from 51*5 to 54*2 per cent of carbon, 4*8 to 
5*5 per cent of hydrogen, and 40*1 to 44*7 of oxygen, and esti- 
mated its quantity at 14 '3 to 15*7 per cent A substance re- 
sembling wood-gum also occurs in the sclerenchymatous tissue of 
nut-shells. Bast-fibres (lime and elm) yielded him 14*5 to 15*8 
per cent of lignin, containing 53*6 to 54*9 per cent of carbon, 
4'9 to 6*0 per cent of hydrogen, and 40*1 to 40*4 per cent, of 
oxygen. 

On the other hand, from the outer birch-bark (rich in cuticular 
substance,) chlorine-water extracted 11 per cent of a substance 
of an entirely dififerent composition; viz. C = 72*7, H = 7'8, 
= 19-4. (Cf. §250.) 

^ 'Beitr. z. EenntniM d. Lignins.' Bostock, 1856. 
> Beitrage z. Chemie d. Holzgewebes. DiBS. Dorpat, 1882. 
* ' QuftDt. chem. Unten. iiber d. ZusammenBetz. d, Kork-, Bast-, Sderen- 
chym. imd Markgewebes.* Bin. Dorpat, 1880. 
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The tissue of turnip, chicoiy-root, and elder-pith, which is 
principally parenchymatous, yielded hardly anything to chlorine- 
water. Pf eil also came to a similar conclusion with regard to the 
tissue of apples.^ 

The substance formerly known as svherm is in part the cuti- 
cular substance just alluded to ; it should, however, be observed 
that under this name less recent authors understood a mixture 
of fat, wax, tannin, etc. ^ Siewert has published a minute in- 
vestigation of the substances that accompany suberin, but not of 
the suberin itself ; our knowledge of that substance is but very 
insufficient, and I can only state that it is not dissolved by the 
usual solvents, that it is more easily attacked by certain oxidizing 
agents than lignin, but is more difficult to remove completely by 
digestion with chlorine-water. Nitric acid of sp. gr. 1*3 attacks 
it very energetically; and with an acid of sp. gr. 1*4 the action 
may be so violent as to cause ignition. It resists chromic acid 
more powerfully than lignin. Whether suberin really yields the 
eerie and suberic acids that have been obtained by the decom- 
position of cork is still a matter of uncertainty. 

Siewert estimates the amount of suberin in cork at 90 per 
cent. ; but I think this is too high. I feel convinced that the 
residue he speaks of as suberin must have contained a consider- 
able quantity of true cellulose. (Koroll foimd 50 per cent, in 
the outermost parts of birch-bark.) 

In my opinion, the hardening substance of many woody fungi 
is possibly identical with suberin.* 

For the miiyrachemical charaders of cutin, lignin, etc., see also 
Vogl* and Poulsen. » (See also § 249.) 

The remarkably constant proportion existing between the 
amount of cellulose and lignin, etc., present in varieties of wood, 
raises the question whether these two substances do not occur in 
combination with one another. The attempt has frequently been 
made to regard the substance of the cell-walls of lignified tissue 

^ Loc. eU, 

' Ck)mpare Siewert, Zeitschr. f. d. ges. Naturw., xzx. 129; Jonm. f. pnot. 
Ghem. dv. 118, 1868. See also HShnel, Sitz.-ber der phys. math. K. d. Akad. 
d. W. in Wien, 1877 ; Bot Ztg. 783. 

> Compare my < Chem. Unters. eines an Betola alba york. Pilzes.' Diss. 
Petersborg, 1864. 

4 Zeitseh. d. ostezr. Apotheker-Yer. 1867, 16, 84, 60. 

B < Botanisk Mikrokemi.' Kjobenhavn, 1880. 
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as a special chemical compound (gluco-lignose, gluco-drupose of 
Erdmann). Erdmann assumes ihat it is decomposed by hydro- 
chloric acid with production of glucose, together with lignose or 
drupose, and that with nitric acid it yields cellulose, whilst the 
lignose or drupose undergoes further decomposition. Bente,^ 
who doubts the existence of gluco-drupose, shows that wood-cells 
(f lignin) yield pyrocatechin when fused with potash. 

§ 248. CdltUose. — ^The cellulose obtained from various plants 
in the manner indicated does not appear to be invariably of the 
composition C^H^QOg. That isolated by Stackmann from coni- 
ferous wood was represented by the formula 5(C0HioO5) + HjO, 
and the cellulose that certain sderenchymatous and bast-tissues 
yielded to Koroll was of similar composition. The latter chemist 
also prepared it from parenchymatous tissues^ and then it generally 
possessed a composition approximately indicated by the formula 
5(CqH|q05) + 2H20,' whereas the wood of most dicotyledons 
contains, according to Stackmann, a cellulose of the formula 
5(C0HjqO5) -h SHjO. In these experiments the substance was 
exhausted with water, alcohol, dilute soda, dilute acid, a mixture 
of one part of sulphuric acid with four of water, and chlorine- 
water, previously to being treated with nitric acid and chlorate 
of potassium. Schuppe has shown that the action of the 
sulphuric acid, the use of which I recommend to be discontinued, 
results in the formation of a hydro>cellulosa If the treatment 
with sulphuric acid was omitted, the cellulose obtained from 
woods corresponded in composition to the formula C^H^qO^. But 
the cellulose isolated from apples by a process that did not in- 
clude treatment with sulphuric acid showed a deviation in com- 
position from the formula C^Hi^Og. * 

The cellulose of fungi (cf. § 249) frequently shows a com- 
position corresponding almost exactly to the formula C^B-^qO^. 

§ 249. Varieties of Cellulose. — ^The variations observed in celluloses 
isolated from different plants is partly to be ascribed to the above- 
mentioned difference in composition, and partly probably to varisr 
tions in density. For instance, the cellulose of most phanerogams 

^ Aimal. d. Ghem. tmd Fhann. cxxxviii. 1, 1866, and Jahresb. f. Ph&mi. 
9, 1867. Gompftre also Bente, Ber. d. d. chem. Ges. xiii 476, 1875 ; Joum. 
f. Landwirthflch. 166, 1876. Compare also Bevan and Cross on the chemistiy 
of Bastfibre, Chem. News, zlii. 77, 91, 1880. 

* Compare the dissertations of Pfeil and Trelffner already quoted. 
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is^ssolved by ammonio-sulphate of copper, ^ and reprecipitated 
in an amorphous condition by dilute acids ; but that of many 
fungi is either insoluble or taken up to a slight extent only, and 
then with great difficulty. Concentrated sulphuric acid and syrupy 
solution of chloride of zinc render cellulose capable of assuming a 
blue colour with iodine ;^ but in some instances the reaction is 
found to fail,® and Schulze's reagent for cellulose, which is not 
without its value as a micro-chemical reagent, cannot therefore in 
such cases be employed for colouring the cell-walL The facility, 
too, with which cellulose can be conyerted into glucose varies. 
Masing observes that fungus-cellulose undergoes the change more 
easily than flax-fibre. * 

§ 250. Crude Fibre, — From what has been said of the isolation 
of cellulose, it follows that the crude fibre of the physiologist and 
agricultural chemist cannot be exactly identical with that sub- 
stance. To estimate the crude fibre, the material is generally 
boiled for half an hour, first with 1 per cent, sulphuric acid, and 
then with 1 per cent, caustic potash. The residue is exhausted 
with cold water, alcohol, and ether in succession, dried and 
weighed In this crude fibre we may anticipate the presence of a 
little undecomposed wood-gum, lignin, and suberin, as well as 
part of the hydrocelluloses mentioned in §§ 117, 244. 

An apparatus that may be used with advantage in this deter- 
mination has been described by Holdefleiss.^ 

^ I prepare this reagent by precipitating hydrate of copper from a solntion 
of the sulphate by dilate canstio soda, rapidly filtering off, pressing and 
dissolving in the requisite quantity of 20 per cent, solution of ammonia. 

^ The reagent known as Schulze*8 can be prepared by dissolving 25 parts 
of dry chloride of zinc and 8 of iodide of potassium in 8^ of water, and adding 
as much iodine as the solution will take up when warmed for a short time 
with it. 

' On cellulose of fungi, see Masing, Fharm. Zeitschr. f. Russland, ix. 385, 
1870. Bichter (Chem. Centralblatt, 483, 1881) has recently denied the 
existence of a special fungus-cellulose as the prolonged action of caustic 
alkalies converts it into ordinary cellulose. But is it not probable that such 
treatment actually produces a chemical change 7 

* On cellulose see Payen, Annal. d. Sciences naturelles, xi. 21, xiv. 88 ; 
Fromberg, Annal. d. Chem. und Pharm. Hi. 113 ; Heldt and Uochleder, 
ibid, xlviii. 8 ; Schlossberger and Popping, ibid. lii. 106; Schlossberger, ibid, 
cvii. 24, 1858 ; P^ligot, Gomptes rendus, Ixiu. 209, 1861 ; Knop and Schneder- 
mann, Joum. f. prakt. Chem. xxxix. 363, xl. 389 ; Henneberg, AnnaL d. 
Chem. und Pharm. cxlvi. 130, 1869; Konig, Zeitschr. f. anal. Chem. xiii. 242, 
1879. 

' Compare Holdefleiss, Zeitschr. f. Anal. Chem. xvi, 498, 1877, and 
Landwirthsch. Jahrb. Supp. vi. 101. 
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4 '65 


48-61 






Gallic acid . 






49-49 


3-66 


48-86 












60-86 


4-75 


34-40 










( 


67-00 


9-64 


16-30 


7 10 




Gentiiln 






86-11 


3-87 


31-02 
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Namb. 


FORMDW. 


c. 


H. 


0. 


N. 


8. 


GlisdiD . 




62-60 


7-00 


21-49 


18-06 


0-86 


GlobuIarlD 




67-32 


7-01 


35-67 






aiDtoncuei 




610 


8-7 


25-4 


16-1 


0-8 






S9'13 


8-70 


6217 










SI '68 


5-28 


63-16 










59-12 


7-05 


32-88 


l'I7 




Qn9M»s$i 




40-00 


6 88 


53-34 






Gntiolin 




62-17 


8-81 


29-02 






GrfiohaTtiD 




7i-8 


6-3 


21-1 






Gpophorio 




60-81 


4-90 


34-29 










63-57 


4-63 


31-79 










72-90 


6-64 


7-48 


13-08 




Harmina 




73-68 


5-87 


7-64 


13-21 




Hederic Ki 




66-flS 


9-83 


23-71 






Helenin . 




78-83 


8-53 


14-64 






HelleborelB 




62-85 


7-38 


40-27 






HaUeborin 




75-78 


7-37 


16-85 






Heptjl-ftlcc 




72-41 


13-79 


13-79 










64-77 


6-39 


39-84 








82-14 


11-41 


615 










44-44 


3-70 


51-85 






Hydroquin. 




e5'45 


616 


29-09 






H;«K»iie 




70-58 


7-95 


16-18 


4 '84 




Hyo«7«ai 




70-68 


7-96 


16-16 


4-84 




Indian. 


') 


49-80 


4-92 


43-28 


2-22 




Inodte . 




73-28 


3-82 


12-22 


10-88 






40-00 


8-66 


63-34 






Innlin . 




44-44 


8-17 


49-39 










66-37 


8-04 


37-69 






Iiodulcite 




39-58 


7-69 


62-76 






JarvC : 




66-68 


7-77 


36-67 








61-03 


8-66 


25-27 


c-u 




EiuDpferfd 




84-48 


4-40 


81-20 






Elnic add . 




43-76 


8-30 


50-19 






Eodu . . . . 




66-26 


6-86 


28-07 






Lactic acid . 




40-00 


6-68 


53-34 






LactnoeriD . . . 




81-81 


11-04 


7-14 






I^rpitin . 




86-05 


8-26 


25-69 










62-47 


6-79 


40-23 


1-63 








72 09 


12-04 


16-87 






LBcanorio acid 




60-37 


4-40 


35-23 










61-47 


7-02 


24-29 


16-82 


0-40 


LevnliD . . . . 


rK' 


44-44 


6-17 


49-39 






Leudne. 


61-96 


9-92 


24-43 


10-89 




Ucbenin . . . 


44*4 


6-17 


49-39 






Lichen-rtarch . . 


cIhX 


44-44 


8-17 


49-39 






Lignin (ct. p. 256) . 














Limonin . . 


C^H^O, 


66-38 


8-48 


27-23 






Liuin . 


r 


62-92 


4-72 


32-38 






Liplnin (glncogide) 


*^iM' 


64-83 


6-47 


39 '90 






Lateolin . . 


62-07 


3-45 


34-48 






Maclarin 




56-26 


3-76 


40 00 






MalMcaeid . . 




41-38 


3-45 


65-17 






Malieadd . . 


i. 


35-82 


4-48 


69-70 






Maltooe 


42-10 


6-43 


51-47 






Mannito 


39-66 


7-69 


62-76 






Meconta add . 


42-0 


2-0 


66-0 




, 


MecoDin 


81-66 


6-15 


83 -00 
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Nam*. 


FOEMOL*. 


c. 


H. 


0. 


N. 


8. 


MeUolUn . . 


CaiHnCV 


82-i 


9-0 


28-6 






Heledtow . . 


^c^fj; 


4210 


6-*3 


61-47 






MeliM7l alcohol . 


82'1» 


14-16 


3 68 






MeUtoM 


42-10 


943 


51-47 








'iS' 


72-00 


8-00 


10-65 


9-36 




Menthol 


76 '93 


12-82 


10-25 








5fi'4Q 


7-66 


36-98 








CH.V 


*210 


6-43 


51-47 






Methyl alcohol . 


37-50 


12-50 


60-00 








38-71 


I6-13 




46-17 




Methjleoniine 


C^.,N 


77-89 


12-23 




10-07 




MethyMicIn . 


t 


65-85 


5-64 


28-51 






Mllk-ngar . 


c,^„o„ 


42-10 


6-43 


61-47 








SA 


66 '0 
71-58 


4-6 
6-67 


29-3 
16-84 


4-91 




MorSi . 


<£'&%. 


59-61 


831 


37-08 






Mo«chktiiio 


68-22 


6-66 


27-65 


3-45 




UucediD . . 


1 


54-11 


6-90 


21-48 


16-63 


0-88 


MuM&riM . 




50-42 


10-92 


26-89 


11-77 




HyaoM. 




42-10 


6-43 


61-47 






MTrirtic add . 




73-68 


12-28 


14-04 






MTTonio add . 




31-83 


6-04 


42-42 


3-72 


16-99 


Nareeba 




68-63 


6-28 


31-09 


302 




KarooUne . . 




63 92 


6-57 


27-12 


3 88 




Naringin . 




53-6 


6-6 


38-8 






Natalom . . 




59-44 




34-68 






Nepaliiw 




63-09 


7-47 


27-32 


a-12 




Niootiiie 




74-08 


8-64 




17-28 




Nudte . 




40-00 


6-66 


63-33 






Oak-bafk tuwio acfd 




53-85 


5-13 


41-02 






Oeoanthlc add . 




64-12 


U-44 


24-4* 






Oleic acid . . 




76-69 


12-06 


11-36 






Ononin 






59-80 


5-64 


34-56 












67-79 


6-46 


25-81 






Onellicuid 






67 -16 


4-78 


38-09 






OrtruthUn 






77-07 


7-96 


14-98 






Owlteadd 






26-66 


2-22 


71-11 






Oiyacanthinc 




60-57 


7-26 


27-76 


4-42 






3 


n-38 


6-89 


24-73 






Fahnitic add 




7S-00 


12-50 


12-60 






Papaveiine 




70-79 


6-20 


18-88 


4-lS 




Pararebin 






42-10' 


6-43 


61-47 






Parellic acid 






60-67 


3-37 


35-96 












67-85 


3-67 


28-58 






Paridne 






7S-69 


7-09 


6-29 


11-02 




Paridin. 






57-83 


8-43 


33-74 






ParilUn. 






60-4 


9-0 


30-6 






Paytine. 






79-74 


6-33 


6-06 


8-86 










70-58 


5-88 


23-54 






Philyrin 






60-67 


6-37 


32-96 






Phloririn 






66-15 


6-81 


36-04 






PhloroglDdn 






57-13 


4-76 












63-64 


6-06 


30-30 










65-49 


7-61 


11-60 


16-27 




Pbvtoaterin . 




83-87 


11-83 


4-30 








T 


67-71 


6-88 


26-41 






Picrofo«rfU^ . 


%»?• 


68-08 


e-31 


17-05 


a-66 




Hcrotoiin 




60-60 


5-68 


33-62 
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Namb. 




C. 


H. 


0. 


K. 


3. 






64 -la 


7-91 


14-89 


13-02 




PItPftrio aold . . 




7B47 


8-93 


10-69 






PiDipierin 




56-46 


7-56 


36-98 






Finite . . . 




43-9 


7-2 


48-B 






Piperine 




71-68 


6-67 


ie-84 


4 -SI 




RpitaJiolo add . 




72-58 


8-06 


19-36 






Popolin . 




68-34 


6-10 


37-56 






Propionic wdd . 




48-65 




43-24 






Pmpyl alcohol , 




80-00 


13-33 


26-66 










64-64 


3-90 


41-56 






Purpurin 




65-62 


3-13 


31-25 






Pyrooateohfn . 




85-45 


6-16 


29-08 






PjrDgsUic add . 




67-13 


4-76 


3811 






Qnsuin. 




66-87 


8-67 


27-86 










5921 


S-B5 


36-84 










43-9 


7-2 


4»-9 










56-90 


4-35 


E-76 






Quinamine . 




73-08 


7-68 


10-25 


8 -88 




Quinine and QninidinB 




75-02 




10-43 


8-64 




Racmie aoid . . 




82-0 


4-0 


64-0 










62-17 


4-81 


33-02 










59-40 


1-96 


35-65 






BeRorcIn 




65-46 


6-16 


29-09 










67-20 


7-20 


25-40 






Bhoadina . . 




6S-7B 


5-48 


25-08 


3-66 




Bidnoleio Mid . 




72-18 


11-41 


1611 






Koccelllc aoid 




68-00 


10-66 


21-84 










71-00 


10-05 


18-95 










54-64 


6-04 


40-32 






Rubian . 




65-08 


6-57 


89-35 










51-22 


4-88 


43-90 






Sabadllline . 


') 


61-29 


8-86 


28-40 


3-46 




SaUtrina . '. 




61-88 


8-78 


26-76 


2-77 




Salidn . . . 




54-64 


6-29 


39-17 






Salicylio acid . 




60-87 


4-42 


34-78 






SaUc;lous acid 




68-85 


4-92 


28-23 










70-69 


6-28 


19-82 


4-33 




Santalin 




65-89 


6-11 


29-20 










73-17 


7-32 


19-51 






Soleromudn . . 




55-4 


7-6 


36-9 








29-67 


6-44 


! 


8-41 


(26-8 


Sderoiantliin 




61-8 


5-1 


32-0 




ash) 


Selen>ticaoid. 




40-0 


6-2 


60-6 


4-2 








68 08 


6-08 


36-87 






Sinalbin 




47-87 


5-85 


34-05 


S-72 


8-61 






65-43 


6-53 


21-74 


7-61 


8-69 


Sinirtrin 




44-44 


6-17 


48-39 






Soeakln . . 




69-63 


6-59 


34-78 










60-66 


8-78 


28-88 


1-88 




Sorbin . 




40-00 


6-66 


53-34 






Sparteine . . 




78-06 


10-57 




11-88 




St»phi«grine. . 




«7-6 


8-4 


20-5 


3-6 




Starch . 




44-44 


617 


48-39 






St«arioacid . 




78-06 


12-68 


11-28 










77-24 


6-54 


7-30 


8-92 




Styradn . . 




81-82 


6-06 


12-12 






Styrol . . . 




92-81 


7-89 
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Namc Fobmoia. 


C. 


H. 


O. 


N. 


S. 


Succfnio Mid . . 




ioaa 


5 09 


54-23 






T^f^ddlCMid 






E*'81 


6-73 


38-46 










60'46 


6-42 


34-12 






Tumiu . 






6242 


3-58 


44-02 






IWt>ric*dd. 






32 


*-o 


84-0 






Terpene . 




( N 


88-23 


11-77 








Theb»me 






73-81 


6-76 


16-44 


4-60 










«-67 


4-44 


17-78 


31 U 




Thevetin 






68-08 


7-53 


34-41 






Thujin . . 






52-88 


4-84 


42 30 






Thjmol , 






80 00 




10-77 












61-02 


15-25 




23-73 




TritidQ. . 






42-10 


6-43 


51-47 






Tmpathin . 






56 -ee 


7-77 


36-67 












5»-ee 


6-07 


26-54 


7-73 








86-68 


3 71 


29-63 






ir«nic»cid . 






68-39 


4-94 


35-38 






VklcriMlie Mid 






68-82 


9-80 


31-37 






VaoiUin 






63-13 


6-28 


31-58 






Ventrine 




C ) 


64-42 


8-70 


23-97 


2-91 












8-2 


24-9 


3-1 




VitoUin (Br«U nut 




T 


62-29 


7-24 


2109 


18-09 


1-32 


Vulpicadd . 




C„H,.0. 


70-81 


4-36 


24-84 






Xkntborhunmo 




C„H^„ 


61-08 


6-83 


43-09 
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COMPOSITION OF THE MORE IMPORTANT CONSTITU- 
ENTS OF PLANTS, ARRANGED ACCORDING TO 
PERCENTAGE OF CARBON. 



0. 


H. 


0. 


N. 


S. 


Name. 


26-66 


2-22 


71-11 


• ■ • 


• • • 


Oxalic acid. 


81-58 


5-26 


6816 


• • • 


* ■ • 


Glycolic acid. 


31-81 


6-04 


42-42 


3-72 


16-99 


Myronic acid. 


32-00 


400 


6400 


• • • 


• • ■ 


Tartaric and racemic acid. 


36-82 


4-48 


69-70 


• • • 


• • • 


Malic acid. 


36-36 


606 


36-37 


21-21 


• • • 


Asparagine. 


37-60 


417 


68-83 


• • • 


• • • 


Citric acid. 


37-60 


12-60 


6000 


• • • 


• • • 


Methylic alcohol. 


3871 


1613 


« ■ • 


45-17 


• • • 


Methylamine. 


39-13 


8-70 


6217 


• • • 


• • • 


Glycerin. 


39-34 


8-20 


62-46 


• ■ • 


• • • 


Erythnte. 


39-66 


7-69 


52-76 


■ • • 


• • ■ 


Dolcite, iaodulcite, mannite, 

etc. 
Acetic and lactic acid, glu- 


40-00 


6-66 


63-83 


■ • « 


• • • 












cose, etc. 


40-00 


5-2 


60-6 


4-2 


• • • 


Sclerotic add. 


40-68 


609 


64-23 


■ « • 


• • • 


Succinic acid. 


41-88 


3-45 


65-17 


• 
• • • 


• • • 


Aconitic acid. 


41-38 


3-46 


6517 


■ ■ • 


• • • 


Fumaric and malelic acid. 


42-0 


20 


660 


•• • 


• • • 


Meconic acid. 


42-10 


6-43 


51-47 


• • • 


• • • 


Arabic and metarabic acid, 
pararabin, triticin, saccha- 
rose, etc. 


43-76 


6-30 


6019 


• • • 


• • • 


Kinic acid. 


48-9 


7-2 


48-9 


• • • 


• • ■ 


Finite and quercite. 


44-21 


6-26 


50-63 


• ■ • 


• • • 


Boheio acid, 


44-44 


9-63 


35-56 


10-37 


• • • 


Betalne. 


44-44 


8-70 


• • ■ 


51-85 


• • ■ 


Hydrocyanic add. 


44-44 


4-76 


51-80 


■ • • 


• • • 


Oydopin. 


44-44 


6-17 


49-39 


• • ft 


• • • 


Oellolose, dextrin, intdin, 
levuhn, sinistrin, starch. 


44-84 


6-33 


49-83 


• • • 


• • • 


Cinchona-tannic add. 


46-65 


217 


62-24 


• • • 


» • • 


Chelidonic acid. 


46-67 


4-44 


17-78 


31-11 


■ • • 


Theobromine. 


47-87 


6-86 


3406 


3-72 


8-51 


Sinalbine. 


48-65 


8-11 


43-24 


• • • 


■ • • 


Propionic add. 


49-48 


616 


16-61 


28-86 


• • t 


Caffeine. 


49-69 


12-39 


26-44 


11-57 


• • • 


Choline. 


49-60 


4-92 


43-26 


2-22 


• • • 


Indican. 


60*24 


6-81 


2413 


18-37 


0-45 


Conglutin. 


50-42 


10-92 


26-89 


1177 


• • • 


Muscarine. 


51-0 


6-7 


25-4 


16-1 


0-8 


Glutencasein. 


51-00 


700 


4200 


• • • 


••• 


Ericolin. 


51-02 


4-89 


44-87 


• • • 


•• • 


Fraxin. 


51-22 


4-88 


43-90 


• • ■ 


• ■ • 


Rubichloric add. 


51-47 


7-02 


24-29 


16-82 


0-40 


Legumin. 


62-01 


5-88 


42-11 


• • ■ 


... 


Cinchona-tannic add. 


52-07 


7-24 


21-06 


18-09 


1-32 


Vitellin. 
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c. 


H. 


0. 


N. 


S. 


Namb. 


62-39 


4-78 


42-83 


• • • 


• • • 


Daphnin. 


52-42 


3-66 


44-02 


• • • 


• • • 


Gallotannic add. 


52-45 


6-81 


22-21 


15-65 


0-8 


Albumin. 


52-47 


679 


40-23 


1-68 


• • • 


Lanrocerasm. 


62-61 


6-91 


38-52 


3-06 


• • • 


Amygdalin. 


52-63 


7-38 


40-27 


• « • 


■ • » 


Uelleborein. 


62-60 


7-00 


21-49 


18-06 


0-85 


Gliadin. 


62-86 


4-84 


42-30 


• • • 


• • • 


Thujin. 


52-9 


5-2 


41-9 


• • • 


■ ■ • 


Apiin. 


53-21 


7-60 


39-19 


• ■ « 


• • • 


Digitonin. 


63-33 


6-19 


41-48 


• • • 


• • • 


Cinchona-red. 


637 


61 


40-2 


« • ■ 


• • B 


Arbutin. 


63-85 


6-18 


41-02 


• • ■ 


• • • 


Oak-bark tannic add. 


63-91 


8-69 


37-50 


• • • 


• • • 


Convallamarin. 


64-08 


472 


41-20 


• • • 


■ • • 


Datiacin. 


64-11 


6-90 


21-48 


16-68 


0-88 


Mucedin. 


64-64 


8-90 


41-56 


• • • 


« • ■ 


Protocatechuic add. 


54-66 


9-09 


36-36 


■ • • 


• • ■ 


Butyric add. 


64-64 


6-29 


3917 


• • • 


• • ■ 


Salicin. 


64-63 


6-47 


39-90 


• • • 


• • • 


Lupinin. 


64-64 


6-04 


40-32 


• « • 


• ■ « 


Ruberjthric add. 


6477 


6-39 


39-84 


• • • 


• • a 


Hesperidin. 


64-81 


673 


88-46 


• • • 


• • ■ 


Syringin. 


64-87 


7-37 


37-60 


■ • • 


• ■ • 


Convolvulin. 


64-96 


9-92 


24-43 


10-69 


• • • 


Leucine. < 


65-08 


5-67 


39-35 


• ■ • 


■ * J 


Rubian. 


65-29 


7-83 


86-87 


• • • 


r 
• • • 


Cyclamin. 


66-4 


7-6 


36-9 


• • • 


• • ■ 


Saponin. 


65-43 


6-63 


2174 


7-61 


8-69 


Sulphocyanate of dnapine. 


66-46 


7-56 


36-98 


• •• 


• • • 


Menyanthin. 


66-46 


7-66 


36-98 


• ■ • 


■ • • 


Pinipicrin. 


65-6 


5-6 


38-8 


• • • 


a • • 


Naringin. 


65-81 


6-99 


37-20 


• • • 


• • « 


Crotonic add. 


65-63 


1-99 


42-38 


■ • • 


• • • 


Ellagic acid. 


65-90 


4-35 


3975 


• • » 


■ • * 


Quercitiin. 


66-14 


6-43 


37-43 


■ ■ • 


• • • 


Coniferin. 


56-15 


6-81 


88-05 


• ■ • 


• • • 


Phlorizin. 


66-25 


875 


40-00 


• ■ • 


■ • ■ 


Maclurin. 


66-34 


6-10 


87-66 


• • ■ 


• * • 


Populin. 


56-37 


6-04 


37-59 


■ • • 


• • • 


Ipecacuanha-tannic add. 


66-66 


777 


85-57 


• • • 


• ■ • 


Jalapin and turpethin. 
Gaffeo-tannic acid. 


66-76 


6-41 


37-84 


■ • • 


• • t 


6675 


6-40 


37-85 


• • • 


• • • 


Carthamin. 


57-13 


4-76 


38-11 


• • • 


9 • • 


Phloroglucin, pyrogallol, etc. 


67-16 


476 


88-09 


» ■ * 


m m 


Orsellic add. 


67-32 


7-01 


35-67 


• ■ • 


• • • 


Globxdarin. 


67-57 


5-12 


84-96 


1-50 


0-85 


Cathartic add. 


67-64 


7-42 


34-94 


■ • • 


• ■ • 


Dulcamarin. 


67-69 


18-46 


15-38 


13-46 


• • • 


Amanitine. 


68-00 


6-06 


36-87 


■ • • 


■ • • 


Scoparin. 


6806 


7-53 


34-41 


• • • 


■ ■ • 


Thevetin. 


58-22 


6-60 


36-28 


• « ■ 


• V • 


Cura^ao-aloin. 


68-23 


4-64 


3713 


■ • • 


• • • 


Chrysorhamnin. 


68-24 


7-38 


84-38 


• • • 


■ • • 


Calndn. 


68-82 


9-80 


81-37 


• • ■ 


• ■ • 


Valerianic acid. 


69-21 


3-91 


86-84 


■ • • 


• • • 


Queroetin, 


69-26 


6-17 


84-57 


• ■ • 


• • • 


Capaloin. 
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0. 


H. 


0. 


N. 


S. 


Name. 


59-34 


5-49 


36-17 


• ■ « 


• ■ • 


Everninic acid. 


59-44 


5-88 


34-68 


• • • 


• • • 


Nataloln. 


59-40 


4-95 


36-66 


• • • 


• • • 


Khataxua-tannic acid. 


59-39 


4-94 


35-36 


• ■ • 


• •• 


Usnic acid. 


59-63 


5-59 


34-78 


• • • 


• • ■ 


SocaloKn. 


59-63 


6-28 


81-09 


8-02 


• • • 


Narceine. 


59-66 


6-07 


26-64 


7-73 


• • • 


Tyrosine. 


5978 


7-47 


32-75 


• • • 


• • • 


Colocjnthin. 


59-80 


5-64 


34-56 


• • • 


• • • 


Ononin. 


59-92 


7-05 


32-66 


1-17 


• • « 


Glycyrrhizic add. 


59-95 


8-06 


32-00 


• ■ • 


• • ■ 


Digitalin. 


60-00 


8-00 


32-00 


• • • 


• • • 


Angelic add. 


60-00 


8-33 


31-67 


« •• 


• • • 


Bryonin. 


60-00 


4-44 


36-66 


• •• 


• • ■ 


Cetraric add. 


60-00 


13-38 


26-67 


• • • 


• • ■ 


Propylic alcohol. 


60-37 


4-40 


36-23 


• • ■ 


• • • 


Lecanoric add. 


60-40 


90 


30-6 


• • ■ 


• ■ • 


PariUin. 


60-46 


5-42 


34-12 


• • • 


a • • 


Tannaspidic add. 


60-50 


5-88 


33-62 


• • • 


• • • 


Picrotoxin. 


60-53 


6-82 


28-60 


4-16 


• « • 


Colchicine. 


60-57 


7-26 


27-76 


4-42 


• • • 


Oxyacanthine. 


60-66 


8-78 


28-88 


1-68 


• • • 


Solanine. 


60-67 


8-37 


86-96 


• • • 


• • • 


Parellic add. 


60-67 


6-37 


32-96 


• •• 


• • • 


Philyrin. 


60-71 


5-96 


33-34 


■ « ■ 


• ■ • 


Barbaloln. 


60-81 


4-90 


34-29 


• »• • 


• ■ • 


Gjrophoric acid. 


60-85 


4-76 


34-40 


■>• 


• • • 


Gardenin. 


60-86 


4-42 


3478 


•** ■ 


■ ■ • 


Salicylic add. 


60-90 


4-81 


34-23 


• • • 


■ • • 


Catechin. 


6102 


15-26 


• • • 


2373 


■ • • 


Trimethylamine. 


6103 


8-56 


26-27 


. 6-14 


• « • 


Jervine. 


61-29 


8-85 


26-40 


3-46 


• • • 


Sabadilline. 


61-39 


6-67 


2977 


2-17 


t • • 


Aconitine. 


61-44 


4-82 


3374 


• • ■ - 


• • • 


Evemic add. 


61-69 


8-78 


2676 


277 


■ • • 


Sabatrine. 


61-8 


51 


320 


•■• 


• • ■ 


Scleroxanthin. 


61-85 


5-15 


33-00 


• • • 


• • • 


Meconin. 


61-86 


5-16 


32-99 


•>« 


■ • • 


Benzohelicin. 


62-01 


6-15 


33-64 


<•-• 


• • • 


Cinchona-nova-red. 


62-07 


10-36 


27-58 


■ « • 


• • • 


Caproic acid. 


62-07 


3-45 


34-48 


• • ■ 


■ • 


Luteolin. 


62-17 


8-81 


29-02 


•• • ' 


• • • 


Gratiolin. 


62-17 


4-81 


33-02 


••» 


• • ■ 


Hhatania-red. 


62-83 


6-49 


3117 


>•% ' 


■ « ■ 


Crocin. 


62-4 


9-0 


28-6 


••« 


• • « 


Melanthin. 


62-46 


4-66 


32-88 


• •k 


• • • 


Catechu'tannic add« 


62-50 


4-17 


33-33 


• •« 


• • • 


Anemonin. 


62-68 


7-46 


29-88 


• • » 


• • • 


Antiarin. 


62-92 


4-72 


32-36 


> •» ' 


• • ■ 


Linin. 


6300 


7-0 


30-0 


• • « 


• • • 


Cnicin. 


63-09 


7-47 


27-32 


212 


• ■ • 


Nepaline. 


63-13 


5-26 


30-58 


• •% 


• • • 


Vanillin. 


63-16 


9-60 


27-24 


« • • 


• • • 


Convallarin. 


63-44 


6-68 


26-20 


4-38 


• • • 


Colchicetoe. 


63-67 


4-63 


31-79 


• • • 


• • • 


Hsematoxylin. 


63-60 


8-60 


27-90 


• • « 


• ■ • 


IHgitoxin. 


63-64 


6-06 


80-30 


« • • 


a ■ • 


^7 

Physalin. 
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c. 


H. 


0. 


N. 


S. 


Namk. 


68*83 


6*38 


2976 


• « • 


ft • ft 


Coriamyrtin. 


63-8 


8-2 


24-9 


3-1 




• ft 


Veratroidine. 


63-92 


5*57 


2712 


3-39 




« % 


Narcotine. 


6412 


11-44 


24-44 


• • • 




■ ■ 


Oenanthic acid. 


64*20 


617 


29-63 


■ ■ • 






FUicin. 


64-23 


8-77 


27 00 


« • • 




« • 


CSerio acid. 


64-42 


8-70 


23-97 


2-91 






Veratrine. 


64-48 


4-40 


31-20 


• •• 




ft ft 


Kampferid. 


64-55 


8-66 


23-47 


8-42 




■ « 


Delphinine. 


64-80 


13-51 


21-62 


• • • 




• • 


Butylic alcohoL 


641)0 


7-6 


27-5 


■ ■ • 




* ft 


Cailcedrixi. 


65-11 


8-87 


31-02 


• • • 






Gentisin. 


65-26 


6-66 


28-07 


• ■ ■ 






Kosin. 


65*28 


6-60 


2903 


• • • 






Columbin. 


65-45 


516 


2909 


• • • 




ft ft 


Pyrocatechin, hydroqui- 
none, resordn, etc. 


65-49 


7-64 


11-60 


15-27 




ft • 


Physostigmine. 


65-62 


8-18 


31-25 


• • • 




1 ■ ■ 


Purpurin. 


65-69 


5-11 


29-20 


• ■ ■ 




% % 


Santalin. 


6579 


5-48 


25 08 


3-65 




s a 


Rhceadine. 


65-85 


5-64 


28-51 


• • • 




• • 


Methysticin. 


65-97 


6*75 


20-95 


7-33 




ft ft 


Chlorogenine. 


66-0 


4-6 


29.3 


• ■ « 




• « 


Mongumic acid. 


66-05 


8-26 


25-69 


• •• 




ft ft 


LaBerpitin. 


66-88 


6-38 


27-23 


• • • 




ft • 


Idmonin. 


66-44 


6-57 


22-15 


4-84 




' • • 


Cocaine. 


66-66 


9-63 


2371 


• ■ • 






Hederic acid 


66*66 


371 


29-63 


■ • • 




> ft • 


Umbeliiferon. 


66*67 


6-67 


26-66 


• •• 




1 ft ft 


Quassiin. 


66-67 


870 


80-63 


t •• 




k ft • 


Emodin. 


66-98 


6-98 


26-04 


• • • 




k ft ft 


Athamanthin. 


67-00 


9-64 


16*30 


7-10 




»•• 


Gelsemine. 


67-11 


6-43 


27-46 


• • • 




1 • • 


BraRillin. 


6712 


11-89 


11-19 


979 




1 • ft 


Gonhydrine. 


67*20 


7-20 


25-40 


• •• 




• • • 


Rhinacanthin. 


67*41 


6-62 


29-96 


• • • 




■ • ft 


Cubebin. 


67*41 


6-62 


29-96 


• • ■ 




■ • ft 


Curcamin. 


67*6 


8-4 


20-5 


8-6 




!•• 


Staphisagrine. 


67*6 


4*2 


28-2 


• • » 




Ift ft 


Fnungulic acid. 


67*71 


6-88 


26-41 


• •« 




ft • 


Picropodophyllin. 


67*76 


6*45 


25-81 


• •• 




1 M 


Orcin. 


67-85 


8*67 


28-58 


ft • ft 




• ft ft 


Parocotoln. 


68-06 


6-08 


14-32 


12-34 




1 ft ft 


Chelidonine. 


68*07 


6-04 


26-89 


• ft ft 




■ ft ft 


Eiythrocentanrin. 


68-08 


6-31 


17-05 


8-56 




• ft ft 


Picroroccelline. 


68*22 


6-66 


27-65 


3-45 




■ ft ft 


Moechatine. 


68-39 


777 


16-58 


7-25 




i ft ft 


Ditalne. 


68-85 


4-92 


26-23 


t ft • 




t • ft 


Salicylous and benzoic acid. 


68-96 


8-04 


23 00 


• ft • 




»• ft 


Elaterin. 


69-56 


7-24 


23-20 


• ft ft 




• ft ft 


Botaorcin. 


69-72 


6-42 


24-86 


r • ft 




> ft ft 


Alkannin. 


69-76 


11*62 


18-61 


ft • • 




■ ft ft 


Capric acid. 


69-84 


476 


25-39 


ft ft ft 




>• ft 


Gotoln. 


70-00 


9-29 


2071 


ft • • 




■ ft ft 


Gapeaicin. 


70-06 


6-59 


16-26 


711 




• • • 


Cnaoonine and aridne. 


70*88 


8-50 


2112 


• « • 




ft ft ft 


Abeinthiin. 


70-58 


7-95 


16-60 


4-84 




• ft • 


Atropine, hyosoyamine, etc. 
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0. 


H. 


0. 


N. 


S. 


Name. 


70-58 


6-88 


23-64 


• • • 




Peucedanin. 


70-59 


6-26 


19-82 


4-33 




Sangmn&rine. 


7079 


6-20 


18-88 


4-13 




Papaverine. 


70-81 


4-35 


24-84 


• • • 




Chrysopicrin (vulpic add). 


70-87 


7-87 


16-76 


5-51 




Atherospennixie. 
ChryBoplianio aoid. 


70-87 


3-94 


25-19 


• • ■ 




70-9 


9-5 


15-6 


3-9 




Delphino'idine. 


71-00 


10-05 


18-96 


• • • 




Bottlerin. 


71-38 


6-89 


22-73 


■ • • 




Peeonioflaoreflcm. 


71-68 


6-67 


16-84 


4-91 




Morphine and piperine. 


71-64 


5-08 


19-10 


4-18 




Berbeiine. 


7200 


800 


10-65 


9-35 




Menispennine (?) 


72-09 


12-04 


16-87 


* * • 




Laurostearic acid. 


72-24 


7-02 


1606 


4-68 




Codeine. 


72-31 


5-22 


22-47 


• • • 




Chrysarobin. 


72-41 


1379 


18-79 


• • * 




Heptjl-alcohol. 


72-48 


11-41 


16-11 


• ■ • 




Ricinoleic acid. 


72-68 


8-06 


19-86 


• • • 




Pipitzahoic aoid. 


72-90 


6-64 


7-48 


13-08 




Harmaline. 


72-92 


5-41 


21-62 


• • • 




Ginnamic acid. 


73-03 


7-69 


10-26 


8-98 




Quinamine. 


73-17 


7-32 


19-32 


• • • 




Santonin, eogenol, engenin. 


73-28 


8-82 


12-22 


10-68 




Indigo-blne. 


73-31 


6-75 


15-44 


4-50 




BerlMrine and thebaXne. 


73-68 


6-67 


7-64 


13-21 




Harmine. 


73-62 


11-66 


14-72 


• • • 




BryoXdin. 


73-84 


13-84 


12-32 


• • • 




Caprylic aloohoL 


73-86 


8-31 


4-92 


12-92 




Gytiaine. 
Myristic acid. 


73-68 


12-28 


14-04 


• • • 




73-97 


4-11 


21-92 


• 

• ■ • 




Conmarin. 


74-08 


8-62 


• • • 


17-28 




Nicotine. 


74-4 


97 


9-57 


6-62 


1-37 (P) 


Chlorophyllan. 


74-54 


10-56 


14-90 


• • • 




Asclepin. 


74-67 


8-48 


9-04 


7-81 




Aapidospermine. 


74-6 


6-3 


211 


• I • 




Gronhartin. 


74-66 


7-56 


1778 


• « • 




Bixin. 


76-00 


8-57 


21-44 


• • ■ 




Alizarin. 


76-00 


12-50 


12-50 


■ • • 




Palmitic add. 


76-02 


6-66 


10-43 


8-64 




Quinine and qninidlne. 


76-04 


9-07 


15-89 


• • ■ 




Anacardic add. 


76-69 


7-09 


6-29 


11-02 




Paridne. 


7678 


7-37 


16-86 


■ ■ • 




Helleborin. 


76-06 


12-68 


11-26 


• • • 




Stearic add. 


76-59 


12-06 


11-85 


• • • 




Oleic add. 


76-81 


12-00 


■ • • 


11-20 




Goniine. 


76-83 


8-53 


14-64 


• •• 




Helenin. 


76-92 


12-82 


10-26 


V • ■ 




Arachic add, menthol, 
capric aldehyde. 


77-07 


7-95 


14-98 


• • • 




Ostmthiin. 


77-24 


6-64 


7-30 


8-92 




Strychnine. 


77-66 


7-48 


5-44 


9-63 




Ginchonine and cinchoni- 
dine. 


77-69 


12-23 


t • • 


10-07 




Methylconiine. 


77-92 


11-69 


10-39 


• • • 




BomeoL 


78-06 


10-57 


• » » 


11-88 




Sparteine. 


78-3 


11-2 


T 


? 




Coneadne. 


78-43 


6-68 


• • • 


15-89 




Aiibine. 
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c. 


H. 


0. 


N. 


8. 


Namb. 


78-67 


9-62 


11-91 


• • ■ 




Abietic acid. 


78-68 


13-95 


7-87 


> • ■ 




Cetyl-aloohol. 


78-94 


10-63 


10-63 


• • • 




Camphor and caiyophyllin. 


7902 


18-17 


7-81 


• • ■ 




Cerotic acid. 


79-24 


5-66 


1611 


■ ■ • 




Benzaldehyde. 


79-47 


9-98 


10-69 


1 

• > • 




Pimaric acid. 


79-74 


6-33 


606 


8-86 




Paytin& 


80-00 


9-33 


10-77 


• • • 




Thymol and carvoL 


80-25 


9-65 


10-20 


• • • 




Caidol. 


80-67 


6-88 
811 


13-46 
10-81 


••• 

• ■ • 






81*08 


Anethol. 


81-51 


13-21 


• • • 


6-28 




Ourarino. 


81-81 


14-14 


4-06 


• • • 




Gerotyl-alcohol. 


81-82. 


6*06 


12-12 














• • ■ 




aldehyde. 


81-82 


11-04 


7-14 


• « • 




Eaphorbone and lactacerin. 


82-19 


1416 


3-66 


B • a 




Melissyl alcohol. 


82-44 


11-41 


616 


• • • 




Hydrocarotin. 


82-67 


11-86 


6-06 


f • ■ 




Betulin. 


83-49 


11-79 


4-73 


• • ■ 




Amyrizk 


83-87 


11-83 


4-30 


• • ■ 




Phytosterin. 


8411 


12-15 


3-74 


• ■ ■ 




Cholesterin. 


84-37 


9-37 


6-26 


• « • 




Carotin. 


88-24 


11-76 


■ • • 


a • ■ 


\mm 


Caoutchouc, terpenes, etc. 


92-31 


7-69 


• ■ • 


• • • 


■ ■ • 


Styrol. 



INDEX. 



Abietite, 225 
AbBinthiin, 49, 146 
Acacia, tannin of, 162 
Add, abietic, 127 

acetic, 23, 24, 119, 226 

aconitic, 70 

acrylic, 24, 119 

anacardic, 146 

angelic, 13, 24, 119 

anthemic, 146 

arabic, 76, 210, 211, 250 

arachic, 15 

aspartic, 206 

a^anoric, 151 

beberic, 146 

benzoic, 32, 33, 35, 49, 226 

beta-erythric, 151 

boheic, 160 

butyric, 36, 119 

caffeic, 161 

caffeo-tannic, 161 

cambogic, 135 

capric, 13, 119 

capioic, 13, 119 

caprylic, 18, 119 

carbusnic, 150 

catdchnic, 41, 44, 156 
„ estimation, 157 

catechu-tannic, 156 

cathartic, 86, 248 

cathartogenic, 248 

oelastms-tannic, 163 

oetraric, 151 

chelidonic, 148 

chiysophanic, 36, 132 

cinchona-nova-tannic, 163 

cinchona-tannic, 162 

cincho-tannic, 162 

dnnamic, 25 

citric, 70 

„ estimation of, 226, 228 
„ reactions of, 226 

crotonic, 119 

diorsellic, 149 

ellagic, 158 



Acid, ellago-tannic, 160 
erythric, 151 
evemic, 150 
eveminic, 150 
formic, 23, 24, 119, 226 
filiz tannic, 162 
frangulic, 133 
fnmaric, 70, 232 
gaUic, 32, 133, 226 
„ detection and estimation, 
47, 137 
gallo-tannic, 160, 226 

„ estimation, 159 

gelsemic, 205 
glutamic, 207 
glycolic, 233 
glycyrrhizic, 171 
gummic, 210 
gyrophorio, 150 
heli^tbic, 170 
hydrocarbusnic, 151 
hydrocyanic, 24, 29 
isobutyric, 119 
jalapic, 140 
jervic, 148 
kinic, 232 
lactic, 232 
lauric, 13, 112 
lecanoric, 149, 151 
leditannic, 163 
lichenostearic, 151 
linoleic, 11 

„ estimation, 111 
lobaric, 151 
maleic, 232 
malic, 70, 229, 234 

„ detection, 225 
meconic, 148 
melangidlic, 137 
melilotic, 108 
metapectio, 211 

metarabic, 88, 209, 211, 235, 243 
metatungstic, 56 
methylcrotonic, 13, 119 
methylsalicylic, 30 
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INDEX. 



Acid, xnongtunic, 127 
morintannic, 158 
myristic, 15, 16, 112 
myronic, 165 
nitric, 78 

„ estimation, 88, 84, 85 
nucitannic, 168 
octylic, see caprylio 
cenanthic, 119 
oleic, 11, 112, 113 

„ detection, 18 

„ estimation. 111 
ophelic, 147 
orsellio, 149 
oxaUc, 70, 91, 280 
oxyusnetinic, 150 
palmiUc, 18, 112 
para-oxybenzoic, 85, 86 
parellic, 150 
patellaric, 150 
pectic, 211 
pelargonic, 13 
phosphomolybdic, 56 
phosphoric, 226, 229 
phyUic, 127 
picric, 56 
pimaric, 127 
pinic, 127 
pipitzahoic, 136 
podocarpic, 127 
podophyllic, 139 
polygonic, 149 
polyporic, 90 
propionic, 119 
protocatechuic, 35 
pteritannic, 163 
quercitannic, 161 
quinio, see kinic 
qtunovic, 175 
racemic, 70, 229 
rhatania-tannic, 157 
ricinoleic, 19 
roccellic, 149 
ruberythrio, 134 
rubichloric, 232 
rufigallic, 137 
salicyUc, 24, 32, 83, 49 
aalicylouB, 24, 29, 168 
santonic, 86 {see also ' santonin *) 
sclerotic, 86, 248 
stearic, 18, 112 
stictic, 151 
succinic, 230, 231 
sulphuric, 226 
sylvic, 127 
taigusic, 136 
tannaspidic, 162 
tannic, 56 
tartaric, 71 

estimation, 228 



»> 



Add, tozioodehdric, 24 

trimethylacetic, 119 

usnic, 150, 152 

valerianic, 18, 24, 35, 119 

Tiridic, 161 

vnlpic, 150 
Adds, 225 

amidic, 247 

estimation of in fruits, 71 

examination for, 65, 69 

examination of substances soluble 
in, 91 

extraction with, 91 

fatty, identification of, 120 
„ separation from resin, 112 

lichen, 149 

mineral, estimation of, 71 
„ tests for, 71 

organic, estimation of, 69 

produced by alkalies, 36 

qualitative separation of, 70 

resin, 32, 127 

tannic, estimation of, 41 '47 

volatile, 23, 29, 117 
„ separation of, 119 
Acolyctine, 58 
Aconine, 58 
Aconitine, 50, 179, 181 

estimation of, 60 
Acrinyl, sulphocyanate of, 166 
Adansonin, 146 
Aesculetin, 169 
Aesculin, 49, 169 
Agrostemma githago, saponin in, 68, 

69 
Albumen, estimation of, 79, 80, 238 

soluble in dilute soda, 88 

vegetable, in mucilage, 66 
Albumenoids, detection of, 78 

estimation of, 234, 236, 237 

examination for, 65, 78 

extracted by dilute add, 240 

extracted by pepsin, 240 

extracted by spirit, 241 

extraction of, 78 

insoluble in dilute soda, 89 

microchemical, detection of, 78 

nitrogen in, 234 

not precipitated by albohol, 76 

reagents for, 79 

soluble m dilute soda, 88, 235 
Alchomin, 146 

Alcohol, examination of substances 
soluble in, 38 

extraction with, 38 

amyl, 30 

ceiotyl, 13, 110 

cetyl, 13, 110 

melissyl 13, 110 

mdyl, 9te melissyl 
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Alcohol, octjl, SO 

Alcohols, boiling points of, 30 

Alcohols, primary, secondary, etc, 30 

Aldehyde, angelic, 29 
benzoic, 25 
capric, 29 
dnnamic, 25, 29 
methyl-capric, 29 
pelargonic, 29 
salicylic, 25, 29 

Aldehydes, detection in ethereal oils, 
29 

Alder, tannin of, 156 

Aleurites laodlera, wax from, 110 

Aleurone, 236 

Algarobilla, tannin of, 159 

Al^uoin, 138 

Alkaloid, amorphous, separation from 
cinchona, 194 
of celandine, 50 
of eschscholtzia, 204 
of pimento, 50 

Alkaloids, 178 

colour-reactions of, 178, 179, 180 
confirmatoiy tests for, 57 
decomposition by alkalies, 58 
estimation of, 58, 63, 182 
examination for, 50, 51 
extracted in fixed oil, 19 
extracted with alcohol, 38, 48 
extracted with ether, 33 
extracted with petroleum spirit, 20 
extractionfrom aqueous 8olution,49 
group-reagents for, 55 
isolation of, 55 
microeubliznation of, 181 
not separated by shaking, 57 
of cinchona, 198 

„ rarer, 198 

„ separation, 194 

platinum and gold salts of, 181 
quantitative separation, 194 
separation, 63, 189 
separation by precipitation, 193 
separation by solvents, 191 
tests for, 181 
volatile, 50 

Alkannin, 135 

Almond, oil of sweet, 102 

Aloe-resin, 177 

Aloes, valuation of, 177 

Aloins, various, 176 

Alstonine, 203 

Amanitine, 205 

Amides, 205 

Amido-compounds, 82 

Amidnlin, 249 

Amines, 244 

estimation of, 245 

Ammonia, estimation of, 81 



Ammonia, examination for, 78 

Amygdalin, 164 

Amylin, 253 

Amylodextrin, 250 

Amylum, 8ee starch. 

Amyrin, 109 

Analysis, general method, 5 

Anemonin, 109 

Anemonol, 109 

Angelicin, 109, 208 

Anhydrides, action of alkalies on, 36 

Aniline, 50 

Anthochlor, 117 

Anthoxanthin, 117 

Anthracene, 186 

Anthraquinone-derivatives, 127, 131, 

136 
Antiarin, 175 
Antirin, 146 
AphrodsBscin, 170 
Apiin, 170 
Apricots, oU of, 102 
Arabin, 210 
Arabinose, 218 
Arbutin, 167 
Argynescin, 170 
Aribine, 203 
Aricine, 198 
Aristoloohia, bitter, 175 

yellow, 146 
Amicin, 146 
Asaron, 108 
Asclepiadin, 146 
Ash, estimation of, 7 
Asparagine, 82, 206, 207 
Aspidospermine, 50, 204 
Athamanthin, 145 
Atherospermine, 203 
Atropine, 50 

estimation of, 60, 182 

Bablah fruits, tannin of, 160 
Beberine, 203 
Beech-oil, 102 
Belladonnine, 203 
Benzohelidn, 169 
Berberine, 49 

estimation of, 62 
Betaine, 205 
Betaorcin, 152 

Betapicroerythrin, oraellinate of, 151 
Betulhi, 145 
Birch, tamun of, 162 
Bistort, tannin of, 158 
Bitter-almond oil, 29 
Bitter principles, 127 

extracted by alcohol, 88, 48 

lead compounds of, 52 
Bixhi, 135 
Brasillin, 187 

18 
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Bracine, 50 

estimAtion of, 61, 188 
Bryoidin, 109 
Biyonin, 170 
ButyUUnine, 205 

Cacao, 187 
Caffeine, 49 

ettimation of, 186 
CaOcedrin, 146 
Calabar Bean, estimation of alkaloid, 

184 
Calabarine, estimation of, 184 
Calcium, oxalate of, 91 

estimation, 91 

microscopical detection, 92 
Calendnlin, 175 
Californin, 175 
Caljcin,151 
Cane-sugar, 220 
Caoutchooc, detection in fixed oil, 11 

extraction of, 109 
Ci^Maicin, 109 
Capsicin, 109 
Ci^com, 49 

alkaloid of, 50 
Caragheen-Bugar, 219 
Carapin, 175 
Carbohydrates, see nnder respective 



Carotin, 109 
Caidol, 146 
Caryophyllin, 49, 146 
Carthamin, 178 
Cascarillin, 49, 146 
Casein, 235 
Castor-oil, 102 
Catechin, 82, 188 

estimation of, 187 
Catechu, tannin of, 156 
Celandine, alkaloid of, 50 
Celastrus, tannin of, 163 
CeU-nudens, 79 
CeUulose, 252, 256 

estimation of, 96 

varieties of, 256 
Ceratophyllin, 150 
Cerosin, 111 
Cerotene, 110 
CevadiUa seed, 184 
Cham»lirin, 172 
Chelidonine, estimation of, 62 
Chelidonium, estimation of alkaloid 

in, 184 
Chenopodine, 208 
Chimaphilin, 147 
Chiratin, 147 
Chlorogenine, 208 
Chlofophyll, 19, 118, 114 

estimation of, 115 



Chlorophyll, extraction of, 19, 32 
Chlorophyllan, 114^ 115 
Cholesterin, 99 

detection in fixed oil, 11 

detection and estimation, 106 
Choline, 205 
Chrysarobin, 132 
Chiyain, 128 
Chiysoi^yll, 114 
Chiysopicrin, 150 
duTBorhamnin, 185 
Chylariose, 218 
Cioutin, 147 
Cinchona, amorphous alkaloid of, 191 

tannin of, 162 
Cinchona-alkaloids, estimation of, 62 
Cinchona-nova-red, 163 
Cinchona-red, 162 
Cinohonidine, separation of, 194 
Cinchonine, 49, 50 

separation of, 194 
Cinnamein, 25 
Cinnamyl, Hnnamate of, 25 
Cnicin,176 

Cnicus benedietns, bitter principle of, 49 
Cocaine, 203 
Codeine, 50 
Cokhiceine, 49 
Colchicine, 49 

estimation of, 61 
Colocynthin, 49, 170 
Columbin, 147 

Condnding remarks (to Part L), 97 
Conessine, 203 
Confflutin, 235 
Connydrine, 50 
Coniferin, 167 
Coniine, 50 

estimation of, 61, 183, 184. 189 
Conqninine^ see quinidine 
ConvallamMin, 49, 172 
Convallarin, 172 
Convolvulin, 141 
CoriamvTtin, 143, 170 
Corydaline, 203 
Cotoin, 147 
Cotton-seed, oil of, 102 
Coumarin, 108 
CratsBffin, 175 
Crocettn,171 
Crodn, 171 
Cmde Fibre, 257 
Crystalloids, 79 
Cnbebin, 49, 145 
Curarine, 58, 179, 194, 202 
Curcnmin,135 
Cusoonine, 198 
Cusparin, 175 

CuUcnlar substance, 95, 253 
Cutose, 253 
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Gyanophyll, 113 
Cyclamin, 172 
Cyclopiftflaoreflcin, 163 
Gyclopia-red, 163 
C^dopin, 163 
Cynanchooerin, 108 
Cytidne, 203 

Daphnin, 49, 168 

Datiadn, 170 

Delphinine, 50 

Belphinoidine, 50 

Dextrin, 212 

alooholate of, 213 
estimation of, 65, 67, 213 
estimation of in cane-sugar, 215 

Dextrose, me glucose 

Diastase, 237 

IHethylamine, 244 

Digitalein, 49, 143, 173 

Digitalin, 142, 173 

Digitaliresin, 142 

Digitin, 143 

Digitonein, 143 

Digitonin, 143, 173 
estimation of, 69 

Digitoresvi, 143, 174 

Digitoxin, 142 

Dimethyloreoselon, 145 

Diosmin, 108 

Distillation, fractional, 124 

Ditame, 204 

Ditamine, 204 

Divalerylorooselon, 145 

Dividivi, tannin of, 156, 160 

Dulcamarin, 171, 204 

Duldte, 225 

Eoboline^ 202 
Echioerin, 108 
Eohitamine, 204 
Elaidin, test for oils, 102 
Elaterin, 49, 147 
Emetine, 50 

estimation of, 61 
Emodin, 132 
Emul8in,237 
Ergotine, 202 
Er^otinine^ 202 
Encinol, 143 
Ericolin, 49, 143, 166 
Exythrite, diorsellinate of, 151 

orselllnate of, 151 
Erythrooentaurin, 147 
Eiythrophyll, 115 
Erythrophloeine, 202 
Erythroretin, 132 
Eiythroeclerotin, 134 
Esclischoltzia, 204 
Ethereal Oil, nee ' Oil, ethereal ' 



Ethereal Salts, see ' Salts, ethereal ' 
Ether, direct extraction with, 36 

estimation of substances soluble 
in, 32 

examination of substances soluble 
in, 81 
Etiolin, 116 
Ethylamine, 244 
Eucalyn, 219 
Eupatorin, 147 
Euphorbon, 108 

Fat-adds, fixed, 14 

fractional precipitation of, 14 

free, 105 

detection and estimation, 106 

mdting points of, 14, 15 

volatile, 13 
Fats, «6e< Fixed Oil' 
Fehling's Solution, 72 
Ferments, 237. 
Fibrin, vegetable, 285 
Filix, tannin of, 162 
Filicin, 99, 107 
Fixed ofl, composition of, 10 

detection of, 10 

elaidin test for, 10 

estimation of, 10, 11, 99 

estimation of glycerin in, 12 

linoldc add in, 11 

oleic acid in, 11 

qualitative reactions, 11 

resinification of, 101 

tests for, 101, 102 
Fraxin, 169 

Fresh plants, treatment of, 6, 10 
Fruit-sugar, 218 
Fumarine, 205 
Fungin, 258 

Galactose, 219 

Galls, tannin of, 156, 159, 226 
Gardenin, 127 
Geiasoepermin, 49, 204 
Gdose, 252 
Gelsemine, 50, 205 
Greneral Remarks, 1 
Gentian-bitter, 140 
Gentishi, 139 
Greraniin, 176 
Glaudne, 205 
Gliadin,241 

properties of, 242 
Globularin, 170 
Globulm, 235 

estixnation of, 79 
Glucodrupose, 256 
Glucolignoee, 256 
Glucose, detection of, 214 

estimation of, 72, 73, 74, 215, 217 

18—2 
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Ozyaloin, 178 
Oxyeydopin, 163 
OxyleiKMiin, 147 
Oxyneurin, 206 

Peonioflnorafldn* 86, 131 
PanaqniUon, 172 
Pftpaverine^ 49, 60 
Papayotin, 237 
Paraoelluloee, 258 
Pancholerterin, 107 
Paneoioin, 147 
Panmenispermine, 205 
Pararabin, 91 

estimation of, 93 
Paridne, 199 
Paridin, 172 
Parigenin, 174 
Parmin,174 
Paytine, 199 
Pectin, 208 
Pectose, 253 
Pelletierine, 205 
Peptone, 239 
Pereirine, 50, 205 

Petrolenm Spirit, estimation of sab- 
stances soluble in, 8 
Petroleum Spirit, extraction with, 8 
Peuoedanin, 145 
Phswretin, 132 
Pliaseomannite, 219 
Philygenln, 169 
Philyrin, 169 

Phlobaphene, 88, 90 

Phloroglttdn, 35 

Phlorose, 218 

Phlonetin, 169 

PUorrhizin, 169 

Phyllocyanin, 113 

Phylloxanthin, 114, 116 

Physalin, 49, 171 

Pliysostigmine, 50 

estimation of, 61, 184 

Phytoaterin, 107 

Picroerythrin, 151 

Picrolidienin, 151 

PioropodopbylUn, 139 

Picrosderotine, 202 

Picrotoxin, 49, 142 

Pilocarpine, 50 

estimation of, 184 

Pimento, alkaloid in, 50 

Pine, tannin of, 162 

Pinipicrin, 167 

Pinite, 225 

Piperine, 49 

estimation of, 188 

Pittosporin, 170 

Platinum, perchloride of, as alkaloid 
reagent, 56 



Plmnbiigln, 149 

Podophyllotoxin, 189 

Podophyllum pdtatmn, 189 

Polydmnte, 171 

Pomegranate, tannin of, 160 

Poppyseed, oil of, 102 

Populin, 49, 168 

Porphyiine, 203 

Potassiobismuthic iodide^ as alkaldd 
reagent, 55 

Potassioeadmic iodide, as alkaloid 
reagent, 66 

Potassiomercuric iodide, as aUoJmd 
reagent 55 

Potaanum, bichromate of, as alkaloid 
reagent, 56 

Potassium, myronate, 165 

tribromicfe, as alkaloid reagent, 55 

Potasdum, tri -iodide, as alkaJoid re- 
agent, 55 

Powdering, 6 

Preliminary operations, 5 

Protoplasm, 79 

Pseudaconitine, 60 

Pseudamyl-aloohol, 30 

Punidne, 205 

Purpurin, 133 

Pyrocatechin, 32, 33, 36, 138 

Pyrogallol, 35, 36, 137 

Quassiin, 49, 149 

Quebraohin, 49 

Qneroetin, 36, 138 

Querdn, 176 

Quercite, 225 

Querdtrin, 36, 138, 178 

Quillaja saponaria, si^nin in, 69 

Quinamine, 198 

Quinidine, 50 

separation of, 194 
Quinine, estimation of, 62, 185 

separation from bsdrk-alkaloids, 

194 
Quinovin, 175 

Rape-oil, 102 

Ratanhin, 208 

Resin, detection in fixed oil, 11 

extraction of, 31, 88 

micro-chemical detection, 33 

separation from fat add, 112 
Re8inB,127 

add, 34, 36 
„ separation of, 127, 128 

action of potash on, 34 

anhydrides, 34 

behaviour to reagents, 34 

commercial, 129 

dry distillation of, 36 

indifferent, 84 
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ResiiiB, micro-chemical examination, 33 
oxidation-products of, 34 
purification, 34 

BeBoroin, 35 

Rhamnin, 135 

Rhamnoduldte, 225 

Rhatany-red, 157 

Rhatany-root, tannin of, 157 

Rhinacanthin, 185 

Rhinacanthufl communiB, 135 

Hhinanthin, 163 

Bhinanthogenin, 163 

Rhoeadine, 203 

Rhooaginine, 203 

Rhubarb, Assay by Iodine, 248 

Rhus 8ucoedanel^ wax from, 110 

Ridnus communis, oil of, 102 

Robinin, 140, 178 

Rottlerin, 149 

Rnbiadin, 134 

Rubian, 134 

Rubiretin, 134 

Rutin, 140, 178 

Sabadilline, 50 

estimation of, 61, 184 
Sabatrine, 50 

estimation of, 61, 184 
Saochaiose, Bottger's test for, 76 

characters of, 76 

estimation of, 75 

examination for, 65, 72 

inversion of, 75 
Saccharoses, 220 
SaUcin, 33, 50, 168 
Salicin-sugar, 218 
Saiigenin, 168 
Saliretin,168 
Sahs, ethereal,. 29 
Samadetin, 170 
Sand,7 

SangQinarine, 62 
Santalin, 137 
Santonin, 86, 49 

estimation of, 141 
Saponaria officinalis, saponin in, 69 
Sapogenin, 68 
Saponixi, 49, 173 

estimation of, 68 

examination for, 67 
Sarraoenia purpurea, alkaloid in, 60 
Sarsaparilla, saponin in, 69 
Sdllain,178 
Sdereiythrin, 134 
Sderomudn, 249 
Rderoxanthin, 149 
Senegin, 49, 173 
Separation, methods of, 8 
Sesam^ oil of, 102 
Sioopirin, 149 



Sinalbin, 166 

Sinapine, acid sulphate of, 166 

sulphocyanate of, 166 
Sinistrin, 212 

alooholate of, 213 

detection and estimation, 67, 213 
Sinkaline, 205 
Smilacin,174 
Soda, examination of substances soluble 

in, 88 
Solanidine, 49 
Solanine, 50 
Sorbin, 219 
Sorbite, 225 
Sordidin, 151 
Sporattospermin, 176 
Sparteine, 50, 205 
Special Methods, 99 
Staphysagrine, 180, 193 
Staich, 91, 249 

estimation of, 93 
Stearoptene in ethereal oil, 28 
Styracin, 25 
Strychnine, 50 

estimation of, 61, 183 
Styrol, 108 
Suberin, 95, 255 

Sugar, estimation by polarization, 221 
Sulphooyanogen, detection in ethereal 

oil, 27 
Sulphur, detection in ethereal oil, 26 
Sumach, tannin of, 159 
Sunflower seed, oil of, 102 
Surinamine, 203 
Syringin, 49, 170 
Syringopicrin, 170 

Tampidn, 140 
Tanaoetin, 149 
Tanghinin, 149 
Tannin, constitution of, 152 

decomposition of, 152, 153, 154, 
156 

detection of, 89 

detection of glucose from, 158 

ellagio acid m>m, 158 

estimation of, 41-47 

extracted by ether, 81 
„ alcohol, 38 

extraction of, 40 

gallic add from, 153 

glucosidal nature of, 158 

insoluble in water, 156 

microscopical detection of, 40 

purification of, 155 

reactions of, 40 

separation from alkaloid, etc., 52 

various, 158, 162, 168 
Tanxadn, 149 
Tkxine, 50, 206 
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Teft,186 

tannin of, 160 
Thebaine, 50 
Tectocfarysin, 128 
Terpened, 28 
Thalictrin, 180 
Tbeine, estimation of, 62 
Theobromine, 49 

estimation of, 187 
Thevetin, 172 
Thujin, 140 
Toziresin, 148 
Trehalose, 221 
Triethylamine, 244 
Trimethylamine, 245 
Trimethylaniline, 50 
Tritidn, 212 

alcoholate of, 213 

detection and estimation, 67, 213 
Toipethin, 141 
Tyrosine, detection of, 208 

estimation of, 207 

Umbelliferon, 36 

Valonia, tannin of, 159 
VanilUn, 167 

estimation of, 144 
Variolinin, 151 
Vascnlose, 253 
Verantin, 134 



Veratrine, 50 

estimation of, 61, 184 
Veiatroidine, 179, 189 
Viola tricolor, 189 
Violaquercitrin, 189 
VioUn, 208 
Vitellin, 235 
Vitellin, isolation of, 236 

separation from myosin, 286 

Walnut, oa of, 102 

Water, examination and esdmation 
of substances soluble in, 66 

mineral matter dissolved by, 65 
Wax, Bahia, 111 

Gamauba, 111 

microscopical detection. 111 

vegetable, 13, 110 
Wood-gum, 249, 252 
Wormseed, estimation of santonin in, 

141 
Wrightine, 203 

Xanthein, 117 
Xanthin, 117 
Xanthophyll, 114, 116 
Xanthorhamnin, 135 
Xanthosclerotin, 149 
Xylostein, 149 

Zeorin, 151 



THE END. 
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